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ESTERIFICATION OF SERUM CHOLESTEROL 
I. SERIAL DETERMINATIONS IN HEALTH 


ARNOLD WAGNER, M.D.,* AND CHARLES A. POINDEXTER, M.D. 
CHICAGO, ILL. 


HEN serum is incubated at 37° C., the free cholesterol originally present 
Wy ersduany disappears, without change in the value for total cholesterol. 
The respective fractions are determined by digitonin precipitation before and 
after saponification. Sperry’ has produced evidence that the disappearance of 
tree cholesterol is explained by enzymatic esterification and has indicated the 
existence of a specifie enzyme, cholesterol esterase. The enzymatic character 
of the reaction has been questioned recently by Swell and Treadwell, 

The work reported here was undertaken to test the constaney of the esterify 
ing power of the serum from time to time in the same individual. 


EXPERIMENTAL, 

Methods.—Fstimations of the esterifying power of the serum were based upon the 
juantitative disappearance of free cholesterol from the serum during three days of ineuba 
tion at 37.5° C. Blood was drawn from healthy voung women sometimes in the fasting 
state but usually after breakfast, since at the time this work was done the effect of a 
meal was thought to be unimportant. Cholesterol determinations were done according 
to Sperry’s modification’ of the Schoenheimer and Sperry method.4 Serum was incubated in 


the manner deseribed by Sperry and Stovanoff.5 
RESULTS 

The study included nineteen women ranging in age from 17 to 20 vears, all 

“whom lived and ate together. Menstrual data are not available. Irom three 
to five determinations were done on the individuals in the series over periods of 
thirty-five to three hundred ninety-one days. The data for the entire group 
re summarized in Table I, which also details the serial results for two typical 
examples. 

The range of total cholesterol concentration among the individuals studied 
s 112.6 to 245.2 mg. per cent. The mean total cholesterol concentration for 
determinations was 181.7 + 28.8 mg. per cent. The individual standard devia- 
ns ranged from 4.9 to 30.0 mg. per cent. 

It is of interest that the esterifying power in the sera of nine middle-aged 
lividuals was significantly less than that of the healthy group of young 
men. This difference is expressed by comparison of the mean combined: 

ratios at one and three days of incubation. The values were, respectively, 
) + 0.33 and 5.01 + 0.84 for the older group, compared with 5.10 + 0.75 and 
7+ 1.99 for the vounger group. 


From the Division of Cardiology, Department of Medicine, New York Postgraduate Medi- 
School and the New York University Hospital, New York, N. Y. 


Read, in part, at the Twenty-fourth Annual Meeting of the Central Society for Clinical 
arch, Chicago, IIl., Nov. 2, 1951. 
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TABLE I. SERIAL DETERMINATIONS OF ESTERIFYING POWER OF SERUM IN HEALTH 
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DISCUSSION 

Inspection of data in Table I reveals that the esterifying power of the 
serum in any healthy individual is fairly constant, on repeated sampling, at 
twenty-four hours of incubation, and varies more widely at seventy-two hours 
as reflected by a larger standard deviation. That this individual variation 1s 
less than the variation among the individuals is proved by subjecting the data 
to analysis of varianee.* At twenty-four hours of incubation the computed F 
value for the combined :free ratio was 3.73 compared to a table EF value’ of 2.27 
at 99 per cent confidence limits. At seventy-two hours of incubation the respec- 





tive F values were 3.14 and 2.76, establishing significance satisfactorily. It thus 
appears that the esterifving power of the serum fluctuates about a value that is 
“constitutional” for the individual, in health. These fluctuations appear to re- 
fleet metabolie alterations that can be appreciated in no other way. Thus, the 
initial determinations of the cholesterol partitions in all instances remained 
within the rigidly constricted norms.+ Those determinations were in effect done 
on ceireulatine blood. Only in the incubated aliquots did the deeree ot difference 
between sera become manifest. This difference did not seem to be related to the 
current concentration of cholesterol in the serum. 


SUMMARY 

The existence of a cholesterol-esterifying reaction in incubating serum is 
confirmed. 

Evidence is presented that the variation of this function within individuals 
is less than the variation among individuals. The esterifving power of the 
serum of any healthy individual fluctuates within a range that is inherent in the 
individual constitution, 

The reaction in a small group of middle-aged individuals was both less 


active and less variable than it was in the younger group. 
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*The method of Pearson and Bennett® was used. Variance is the average of the squared 
tion about an arithmetic mean. Thus, 
x x? ' = (X% AX)? x X?— (x X?) 
N - 1 N -1 N 
N-1 
This formula was applied to the total number of determinations and to the variations 
: = individuals. The difference between these two values is the contribution from variations 
ir ent in the individual. 
The F test of Pearson and Bennett® was then applied to contrast the variations among 
duals with those within individuals. Thus, 
Variance among 
Variance within 





Sperry! observes that this ratio is constant in health, 2.3 
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Il. INFLUENCE OF PHOSPHATIDE AND OTHER FACTORS 


ARNOLD WAGNER, M.D... AND LEONORE ROGALSKI, B.S. 


Cuicaco, ILL... AND EvANSTON, ILL. 


PREVIOUS paper! deseribed the variation of the in vitro esterification of 
free cholesterol in the blood serum of some healthy individuals. The 
present paper is concerned with further investigation of this reaction. The prin 
cipal discovery has been that the addition to serum of a plant phosphatide mix 


ture, containing a preponderance of lecithin, increases the amount of estertfica 


tion. 
METHODS 

Freshly drawn human serum was incubated at 37° C. in sealed glass vials according 
to the technique described by Sperry and Stovanoff. Where necessary, serum was inactivated 
by heating to 56° C. for one hour. Reagents were added prior to incubation. With note 
exceptions, the volume of such added reagents was adjusted throughout the experiments to 
ratio of 1:5 with serum. We confirmed Sperry’s finding that dilution of this order had m 
appreciable influence on the esterifying power of serum, Cholesterol determinations accord 


ing to the Sperry modifications of the Schoenheimer-Sperry technique were performed oO} 
1 ml, of serum or the serum-reagent mixtures. 

The phosphatides of plant* origin supplied by the manufacturer were described as t 
aleohol-soluble extracts. Water emulsions of these phosphatides were freshly prepared in 
Waring blendor prior to use. At the start of each experiment the phospholipid phosphorus 
content of these emulsions was determined on aliquots by the method of Zilversmit an 


| 


Davis.t This method was also used for the phospholipid and acid-soluble phosphorus deter 


minations on serum and serum-reagent mixtures. The acid-soluble phosphorus was dete 
mined on the supernate ot the trichloroacetic acid precipitation, Total phosphorus dete 
minations were done directly on the perchloric acid digest without trichloroacetic os 
precipitation, 

Emulsions of C. P. cholesterolt (melting point 149° C.) were prepared by the met] 
of Cole, Clark, and Womach. 

Sperry6 states that the disappearance of free cholesterol from the incubating se 
without alteration of the total is explained by esterification. We adhere to his convent 


in expressing the degree of this esterification as the per cent decline in the free choleste 


originally present in the sample. 


EXPERIMENTAL 


Effect of Enzyme Concentration—The amount of enzyme present in serum = can 
diminished quantitatively by serial dilution of active with inactivated aliquots of the sa 


sample. The results of this procedure in four instances are shown in Fig. 1. The proport 
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ESTERIFICATION OF SERUM CHOLESTEROL 
of active to inactivated aliquot was varied from 0 to 100 per cent, and all samples were 
incubated for three days. The amount of free cholesterol esterified was directly proportional 
to the amount of active serum present in the mixture, 

The totally inactivated aliquot of serum incubated for the unit time showed an increase 
of free cholesterol over the amount found in the similarly inactivated control aliquot that 
was not incubated. This unexplained phenomenon has been observed in many additional 
samples not shown here. This effect is the opposite of that found when unheated serum is 
used under the same conditions, as shown in Fig. 1. 

Role of Extrinsic Cholesterol.—C, P. cholesterol (melting pot 149° ©.) was emulsified 


in a 148 per cent concentration and stabilized with 0.49 per cent sodium oleate. 0.1 ml. of 
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Fig. 1.—Serial dilutions of active with heat-inactivated aliquots of the same sample of 
m. All samples on the zero ordinate were totally inactivated. The lower member of each 
Dp was analyzed immediately after heat inactivation and within experimental error coincides 
b the value for the freshly drawn unheated serum. The upper member was _ incubated 
I the same length of time as all other samples in the figure A significant trend toward 


lysis of esterified ciiolesterol in samples thus treated is seen. 
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this emulsion was added per 1.0 ml. of serum. In another preparation cholesterol was melted 
as a glaze on the inside of the incubating vial. Two cubic centimeters of serum were added 
to the vial. All samples of both preparations were incubated for seventy-two hours, and 


filtered through sintered glass funnels of tine porosity prior to analysis. 


I 

Where emulsified cholesterol was added to two sera, there was no increase in the 
amount of cholesterol esterified, over the control determinations on serum alone. This confirms 
Sperry’s experience with similar preparations. Where cholesterol was dissolved from the 
glaze, in another twelve sera from nine subjects, less than coatrol amounts were esterified 
in all instances. In three of the twelve sera, hydrolysis of naturally occurring esterified 
cholesterol was found (Table I, column 7). It is clear that extrinsic cholesterol not only is 


not esterified, but actually inhibits the esterification of naturally-occurring free cholesterol] 





in the serum to which it ts added. 
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Fig. 2 Influence of phosphatide on speed and equilibrium of the reaction (a) Secor 


degree parabolic curve derived from 138 determinations (first to seventh days of incubatior 
on 22 sera. Sixty-eight per cent of all determinations should fall within the range of Ye + > 
Where Ye is the computed per cent of esterification and the Sy is the standard error of estimat 
(b) A similarly derived curve based upon 131 determinations on 25 sera to which vary 
quantities of phosphatide were added 





The Phosphatide Effect—Serum was incubated with and without added phosphat 





for a period of seven days. Fig. 2 consolidates the data on twenty-two subjects. Detai 





data on nine subjects are given in Table IT. The speed of the reaction is increased, «s 
indicated by the relative decrements of free cholesterol between control and experiment 
results at the end of two days of incubation. The sample containing phosphatide reaclics 
a new equilibrium point somewhat later than that of the control. We have colleeted six 1 
mals in whom the reaction has gone to completion, i.e., all free cholesterol esterified 


the presence oft phosphatide. 


*In two subjects, the reaction was inhibited. One of these (W. B.) was an adval 
‘ase of atherosclerosis with hypertensive heart failure. The other (M. P.) showed inhib 
of the reaction twenty-two days after myocardial infarction when phosphatide dispersior 
stock concentration of 2,000 mg. per cent was used, but typical acceleration six months 
infarction when phosphatide dispersion in stock concentration of 1,000 mg. per cent was | 
Dilution factors as shown made the absolute phosphatide concentration in both studie 
M. P.’s serum approximately equal While no conclusion can be drawn, it appears that 
significant variable in both of these cases may have been disease. 
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The relationship of phosphatide to the esterifying reaction is altered in the presence of 
extrinsic cholesterol, as shown in Table I, column 7. In no instance was esterification increased. 
All were inhibited and in five of the twelve sera hydrolysis occurred. 

Dependance of Phosphatide Effect Upon Phosphatide Concentration.—A typical experi 
ment is demonstrated in Fig. 3. The esterification of cholesterol is enhaneed in direct propor 
tion as the quantity of available phosphatide is increased. This is true only in the relatively 
lower range of phosphatide concentration; in the higher range the effeet is lost. A typical 


instance of diminishing effect with increasing concentration is detailed in Table ITT. 
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Fig. 3.—The relationship between concentration of phosphatide and the degree to which 
free serum cholesterol is esterified. All five aliquots derived from a single sample of 
m. The figures on phosphatide concentration apply before addition to serum in a 1:5 


Relation of Phosphatide Effect to Esterifying Enzyme.—One cubie centimeter of heat 
vated serum was incubated for varying periods with 0.2 ¢.c. of approximately 2 per 
phosphatide dispersion, Five subjects were studied. The results were uniformly negative 
ghout, in that no esterification occurred. In three of the five subjects, the tendency 


rather toward an inerease of hydrolysis by comparison with the inactivated control 
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samples not containing phosphatide. The active control aliquots displayed the usual degree 


of activity. The potentiating action of the phosphatide mixture is therefore not independent 
of the esterifving enzyme, 

Further Exploration of the Phosphatide Ejffect.—sSuitable experiments were done to 
discover whether the effect of phosphatide could be identified in some of its fractions or in 
other materials having similar properties. However, the effect could not be reproduced with 
choline, glycerol, sodium oleate, or sodium stearate, nor with Tween S80, saponin, o1 sodium 
choleate, nor with adenosine triphosphate, sodium pyrophosphate, or cozymase. The phos 
phatide effect was not inhibited by sodium fiuoride. 

Role of Lecithin.—Because of the lability of the fatty acid side chains in lecithin,? 
the relative abundance of this material in the blood stream, 11 and the parallel fluctuations 
of total cholesterol and phospholipid in health,1! it was thought that lecithin could be the 
donor of the fatty acids in the in vitro esterification of cholesterol. This surmise has been 
anticipated by others,®. 12.15 but with little supporting evidence. If lecithin supplies the 
acyl radical, proof should be available in a demonstrable increase in glycerocholine phosphate 
as a product of the reaction, or in a decrease of measureable phospholipid at the equilibrium 
point of the reaction, 01 possibly in a demonstration of lysolecithin at some point in the 
reaction. <All of these possibilities were carefully developed in’ suitably controlled experi 
ments. While it was possible to show clearly that no lysolecithin is formed during incuba 
tion of serum, the experiments bearing upon the other two possibilities were inconelusiv: 


owing to technical difficulties detailed below. 


DISCUSSION 


In the absence of a standard measure of the reaction in question, ow 
information must derive from such indirect evidence as has been presented here 
It is not reasonable to expect an early definition of unit esterase activity unt 
the existence of the disputed enzyme is proved by isolation and the one or mor 
reactions leading to net esterification of cholesterol are identified. The measure 
ment of serum lecithin before and after incubation might have identified one of 
the reactions involved, but failed for technical eause. It was found that spor 
taneous oxidation of this phosphatide occurred during incubation, independent], 
of the esterification of cholesterol. The measurement of glycerocholine phosphate 
as a product of the same reaction proved inadequate for blood samples 0! 
reasonable size. 

In the experiments involving the addition of C. P. cholesterol to serum, t! 
fact that the added cholesterol was able to pass through a sintered glass funne! 


of fine porosity with the serum indicates that the dispersion was fine enough 
favor biochemical activity. The fact that this cholesterol was not esterified s| 
gests a biochemical difference between extrinsic and naturally occurring serum 
cholesterol. 


The discovery that a plant phosphatide mixture is capable of inereasi: 


— §Q 


the net esterification of serum cholesterol in vitro appears to provide a use! 
tool for further investigation of serum lipid metabolism. Our work has est: 


lished thus far that the phosphatide effect depends upon the coexistence 0! 


je 


heat-labile component of serum, that it is probably independent of emulsify 


characteristics and that within limits it is quantitative. Our findings are » 


particular interest in that they provide a direct biochemical link between 1 


important constituents of blood; the cholesterol fractions on one hand 4 i 


phosphatides on the other. 





























ESTERIFICATION OF SERUM CHOLESTEROL, 


SUMMARY 


The work of Sperry regarding the existence of a cholesterol-esterifying 
principle in blood has been confirmed and extended. His observations relative 
to the inert role of extrinsic cholesterol in this system have been in part cor- 
roborated. We have further discovered that when normal serum is incubated in 
contact with a glaze of melted C. P. cholesterol, the esterification whieh would 
otherwise occur in the serum is either inhibited or reversed. 

We have found that the addition to healthy serum, before incubation, of a 
mixture of soybean phosphatides regularly results in an increase of cholesterol 
esterification. The speed of the reaction is increased and a new equilibrium 
established. 

The phosphatide effect depends upon the coexistence of a heat-labile com- 
ponent of serum. It is independent of emulsifying characteristics. Within 
limits it is quantitative. 

The phosphatide effect is lost in the presence of extrinsie cholesterol. 


The authors wish to express their appreciation to Professor Byron Riegel whose advice 
helped to govern the course of the investigation. Mr. Alexander Farlinger assisted with 


he statistical analysis. 
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[' ILAS been shown previously" *? that when C.P. cholesterol is added to serum 
in vitro, it is inert or inhibitory with respect to the cholesterol-esterifying 





reaction that otherwise occurs upon incubation of the sample. The present 






paper is concerned with the comparative behavior of cholesterol that has been 





added to rabbit serum in vivo, via the normal route across the alimentary inter 





face. When such hypercholesterolemie sera are incubated, the results in less 






than half are consistent with those followine in vitro additions of cholesterol! 






to serum. There is considerable individual variation and some animals show 





an imcrease in the esterifving power of the serum. 






MATERIALS AND METHODS 






Fourteen healthy male pigmented rabbits, ranging in age from four to six months and 





in weight from 2.18 to 4.27 kilograms, comprised the experimental material. The esterifying 






power of the serum was estimated as in our previous work’ initially and at the conclusion 






of the feeding period. Briefly, the free, total, and combined (by difference) cholesterol 






the sample were determined by the method of Sperry4 before and after seventy-two hours of 













incubation at 37° C. Hypercholesterolemic samples were diluted in the extraction as needed 
to bring the cholesterol content within accurate experimental range. The esterifying power 
of the serum was expressed by the altered combined: free ratio in the sample after incubation. 
The experimental diet, taken ad libitum, contained 0.5 Gm, of cholesterol per hundred grams 
of ground Purina rabbit pellets. The cholesterol was dissolved in an ether and _ olive i] 
mixture, mixed with the ground pellets and the ether allowed to evaporate. Each anil il 
consumed an average of 200 Gm. per day. The diet, supplemented by carrots, was maintail 1 

for 108 days. | 


RESULTS 


ah . ° an . . . = es { 
The results are given in Table I. In 6 of the 14 cases (rabbits Nos. 56, 55, 
a 2 _- = + = “ 2 ( 
63, 64, 65, and 67, column No. 7) less cholesterol was esterified after prolonged 
cholesterol feeding. In 2 additional eases (rabbits Nos. 34 and 60) this reversal , 


of the usual result amounted to hydrolysis of esterified cholesterol. In the 





maining 6 eases (rabbits Nos. 51, 54, 57, 59, 62, and 66) more cholesterol was 





esterified after the feeding period. 
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ESTERIFICATION OF SERUM CHOLESTEROL 


TABLE I. PARTITION OF SERUM CHOLESTEROL IN THE HYPERCHOLESTEREMIC RABBIT 
DECLINE OF FREE 
UPON 72 HRS. 


ABSOLUTE 


a RATIO INCREASE OF 
TOTAL COMBINED: FREEt FREE AT 108 INCUBATION 
RABBIT ODAYS | 108 DAYS DAYS 0 DAYS 108 DAYS 
NO. (MG. %) (MG. %) Q DAYS 10S DAYS (MG. %) (MG. %) (MG. % ) 
34 72.9 764.0 1.40 2.25 224.7 16.6 6.04 
51 125.6 1325.0 1.81] 2.54 331.0 11.3 25.0 
o4 110.5 766.0 2.54 2.43 187.9 6.2 13.0 
56 84.5 715.5 2.08 2.91 155.1 7.6 $.6 
57 61.0 885.0 2.21 2.33 237.6 10.3 10.9 
58 43.6 322.5 1.62 3.02 66.0 10.2 Tok 
59 10.6 GS1.5 1.96 24S 167.8 9.5 12.0 
60 61.2 657.2 2.09 2.88 L523 14.8 —4,2 
62 28.5 803.5 0.92 3.17 180.2 9, 16.0 
63 53.0 803.5 ara 2.79 194.2 13.1 8.5 
64 122.0 879.5 2.06 2.51 210.6 23.3 20.0 
65 78.0 776.5 1.94 2.71 182.2 13.9 1.5 
66 77.8 801.0 1.99 2.47 195.4 19.5 23.9 
67 62.2 670.0 5d 2.69 153.4 18.1 9.5 
Mean 73.0 775.4 1.85 2.68 
of +0.40 +0.27 
*Our results for a total of 76 untreated healthy rabbits including the present 14 were 
as follows: Total serum cholesterol 60.7 mg. per cent + 22.2. Initial ratio of combined: 
ge? 1.46 + 0.55. The mean free cholesterol esterified in three days was 13.3 mg. per cent 


TThis ratio of combined:free was determined before incubation of the samples; i.e., in 
the control specimens. 


tThe negative sign denotes an increase of free cholesterol instead of the usual decrease. 


DISCUSSION 

Kxamination of the data reveals that the esterification performance in the 
hypercholesterolemic sera cannot be correlated with the initial or final choles- 
terol concentrations in the respective animals, the initial or final combined: 
‘ree ratios, or the absolute increments of free cholesterol during the feeding 
period. For example, rabbits Nos. 59 and 60 are comparable in the initial 
values for total cholesterol, in the heights to which the total values rose after 
teeding, and in the ratios of combined :free cholesterol finally, in the hyper- 
cholesterolemie sera. Despite this superficial similarity, after the feeding period, 
rabbit serum No, 59 showed a loss of 12.0 mg. per cent of free cholesterol on 


incubation while rabbit serum No. 60 showed a gain of 4.2 


mg. per cent of 
tree cholesterol. This unpredictable performance indicates that the esterifica- 
tion involves more than mass action. The sera of all the animals before feeding 
consistently showed esterifving ability only, vet after feeding this characteristic 
varied from potentiation, through inhibition, to reversal or hydrolysis. 

Why the induction of hypercholesterolemia should so inconsistently affect 
th esterifying potential of the serum is not known. We have found previously 
in suman sera that the addition of cholesterol in vitro prior to incubation in- 
hil'ts or reverses the processes which otherwise result in net esterification.’ 
Th. possibility was considered, then, that the added cholesterol was biologically 
diferent from that which occurred naturally in the serum; i.e., perhaps lacking 
in essential linkages that only the living organism could provide. Similarly, 
in ‘he present instance, the differences may reflect the variable ability of the 
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animal to provide other constituents of the reactive interface. In this connee- 
tion the work of Dubach and Hill® and others® * who demonstrated alterations 
of albumin :globulin ratios during induced hypercholesterolemia in rabbits, may 
be pertinent. 

It is seen in the table that the ratio of combined :free cholesterol rose sig 
nificantly in most animals during the feeding period, indicating a dispropor 
tionate increase in esterified cholesterol. This finding confirms that of Dubach 
and Hill’ and counters the observation of Hueper.. Further, all of the animals 
tended to approach the same maximum ratio at the conelusion of the feeding 
period, despite the relatively large variability of ratio before feeding. This was 
true regardless of whatever effect the hypercholesterolemia had upon the esterify 
ing ability of the serum. It suggests that the synthesizing cholesterol esterase 
present in serum is not the primary factor in the regulation of the serum choles 
terol partition in hypercholesterolemic rabbits. 


SUMMARY 


1. The esterifying power of the serum of 14 rabbits has been studied before 
and after the induction of hypercholesterolemia. All the animals showed a 
fairly uniform cholesterol esterifying ability in the serum before cholestero! 
feeding. The induction of hypercholesterolemia changed this characteristic 
quantitatively in an unpredictable fashion, and sometimes qualitatively, produc 
ing reversal or hydrolysis. The results could not be correlated with initial or 
final cholesterol concentrations, the initial or final combined :free ratios, or the 
absolute increments of free cholesterol during the feeding period. 

2. It has been confirmed that during cholesterol feeding the esterified choles 
terol reaches disproportionately greater heights in vivo than does the free frac 
tion. Lack of correlation between this finding and the alteration in the esterif 
ing ability of the serum suggest that the synthesizing cholestrol esterase present 
in serum is not primary in the regulation of the serum cholesterol partition of 
hypercholesterolemie rabbits. 
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FEMORAL ARTERIOVENOUS SUGAR DIFFERENCES IN FASTING 


HE purpose of this paper is to report the range of the femoral A-V glucose 


differences in a series of fasting subjects with normal earbohydrate me- 


tabolism. 


METHOD 


Studies were conducted upon hospital patients on routine hospital diets and upon seven 


normal students. They had no metabolic disorders, and the nutritional state was good. 


o observations were made in the morning, and the subjects had received no food since the 

m previous evening. Using local procaine anesthesia, needles were inserted into the femoral 

. artery and vein of the same leg, and blood samples were taken simultaneously. 

“4 The titration method of Somogyi5, 6 with barium hydroxide and zine sulfate precipi 

C tation of protein was used in all glucose determinations. In evaluating the method 
checking it from time to time during the course of the study, a sample of blood was drawn 

iY into one syringe, and it was then distributed to a varying number of tubes as_ replicate 

ss samples, as indicated in the left column of Table I. The tubes were prepared by evaporating 
in them 1 ml. of a 3 per cent solution of sodium fluoride. A dilute solution of heparin (12% 
mg. per milliliter) was used in the syringes as an anticoagulant. The mean concentration 

Ss n milligrams per 100 ml. is listed in the center column, and indicates the range of values 

C studied. The right column presents the standard deviations from the mean in each 

\ "he largest standard deviation was +0.71 milligrams per 100 ml. From these results, 

- verage or mean standard deviation as calculated from the pooled variance is +0.47 milligrams 
per 100 ml. 

oF In this study and other work, 630 blood samples were analyzed for glucose concen- 
ation. Filtrates from these bloods were run in duplicate. The standard deviation 
riations obtained in these 630 pairs of filtrates was +0.35 milligrams per 100 ml. of glueose 
‘ compared to the standard deviation of +0.47 milligrams per 100 ml. for whole blood. 

, Blood oxygen was determined by the method of Hickam and Frayser.1! 
ter TABLE I. EVALUATION OF THE TITRATION METHOD OF SOMOGYI FOR THE 


DETERMINATION OF BLOOD SUGAR 


NUMBER OF REPLICATE MEAN GLUCOSE CONCENTRATION + 
BLOQD SAMPLES STANDARD DEVIATION MG. PER 100 MI. 
{ 78.9 + 0.36 
} 83.6 + 0.30 
5 98.6 + 0.42 
D 123.1 = 0.69 
pd 69.9 + 0.50 
z 74.9 + 0.7] 
” 77.4 + 0.33 
, S57 = O33 
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TABLE II. DIsrripurion oF FEMORAL ARTERIOVENOUS GLUCOSE DIFFERENCES. 
SO STUDIES IN 60 SuBsECTS AT REST IN FASTING STATE 


ARTERIOVENOUS MEAN ARTERIAT 
NUMBER OF GLUCOSE DIFFERENC! GLUCOSE VALUE 
STUDIES MG. PER 100 M1. * STANDARD DEVIATION 
t Ls 1 S70 = BO 
10 1 0 By. © 10:5 
11 0.1 0.9 8S1.1+ 7.5 
11 l 1.9 86.1 + 9.8 
12 2 2 9 S80 + +4 
15 o ae S78 2 7.0 
} 1.9 B50 = dace 
} Dd 5.9 93.4 + 5. 
} 6 6.7 91.8 + 9.0 
Mean arteriovenous difference + S.D. 2.20 + 2.17 me.% 
Mean arteriovenous difference + S.E. 2.20 + 0.24 mg.% 
t Q | p< “O.0] 


RESULTS 

The femoral A-V elucose difference was measured eighty times in sixty 
subjects. The average difference was 2.2 milligrams per 100 ml. Table II 
presents the frequeney distribution of the values obtained, and also indicates the 
approximate range of arterial glucose concentration for each class interval, This 
demonstrates that the data were colleeted from subjects with normal blood sugar 
concentrations. The actual range of A-V differences was —1.3 milligrams pei 
100 ml. to +6.7 milligrams per 100 ml. 

Twenty-three subjeets had repeat resting blood samples drawn at intervals 
varying from two to twenty-five minutes. In eight of these, blood for oxygen 
determination was also obtained. Table III contains the data where both glucose 
and oxygen studies were done, and Table IV contains the data where onl) 
glucose studies were performed, There appears to be no correlation between th¢ 
oxygen uptake and the glucose uptake. Wide A-V oxygen differences, which in 


TABLE III. GLUCOSE AND OXYGEN ARTERIOVENOUS DIFFERENCES REPEATED AT VARYING 
INTERVALS IN 8S HOSPITAL PATIENTS 


GLUCOSE 


TIME OF MG. PER 100 ML. OXYGEN 
BLOOD VARIATION vol. % 
SAMPLING ARTERY VEIN A-V A-V A-V 
0 min. 80.8 76.8 1.0 1.8 
15 min. 81.2 76.9 1.3 0.5 
Q min. 78.5 75.8 24 3.6 
25 min. 79.4 76.5 O48 0.4 i Pr 
0 min. 92.9 91.1 1.8 3.8 
25 min. 93.3 91.3 2.0 0.2 5.7 
Q min. 70.9 70.8 0.1 aoe 
25 min. fe 70.9 0.2 0.1 2.0 
0 min. 89.4 85.7 7 4.2 
15 min. 90.1 87.3 2.8 0.9 
0 min. 83.5 83.9 0.4 8.4 
5 min. 83.6 83.6 0 0.4 10.4 
0 min. 90.8 89.5 1.3 7.9 
2 min. 91.2 89.2 2.0 0.7 11.6 
0 min. 103.0 101.7 Lo 1.2 
2 min. $.5 
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TapLe IV. Freaoran GLucose ARTERIOVENOUS DIFFERENCES REPEATED A‘ Rest DURING 
VARYING PErRIops orf TIME S HosprranL PATIENTS, 7 NORMAL STUDENTS 





GLUCOSE 

TIME OF MG. PER 100 ML. 

BLOOD VARIATION 
SAM PLING ARTERY VEIN A-V A-V 

Q min, 77.0 Task 3.3 

10 min. 76.8 73.8 1.0 2.3 

0 min. 77.9 75.5 2.4 

10 min. 78.5 10.0 2.8 0.4 

0 min. 99.4 94,5 ae 

10 min. 99.4 93.4 6.0 0.9 

0 min, 78.4 78.1 0.3 

10 min. 82.0 eel 1.9 1.6 

Q min. 79.2 S0.4 1.2 

10 min. 82.2 19.2 3.0 1.2 

QO min. 90.6 90.4 0.2 

10 min. SS.S 90.1 la 1.5 

Q min, 74.6 15.2 0.6 

5 min, 12.2 72.2 0.0 0.6 

0 min. 107.2 108.0 0.8 

5 min. 107.9 107.8 0.5 0.5 

() min. 87.3 86.6 0.7 

5 min. 87.6 85.0 2.6 1.9 

Q min, (Ont 78.0 la 

5 min. lit 76.5 1:2 a0 

0 min, 76.4 75.4 1.0 

5 min, 77.0 74.6 2.4 1.4 

Q min, S6.4 83.8 2.6 

5 min, 87.3 $4.9 2.4 0.2 

Q min. 79.8 76.3 3.5 

5 min, 79.6 76.0 3.6 0.1 

Q min, 78.6 76.4 yee 

5 min. Tid 77.1 0.6 1.6 

0 min, 85.2 80.6 1.6 

10 min. 83.6 80.4 3.2 1.4 
Mean change in arteriovenous difference + standard deviation 1.2 + 1.2 milligrams per 

00° ml. 
Mean change in arterial glucose concentration + standard deviation 0.9 + 0.9 milligrams 
er 100 ml. 

Mean change in venous glucose concentration + standard deviation 0O.8 + O.8 milligrams 


er 100° mi. 
The mean values listed above apply to the combined data of Table III and Table IV. 


he resting state are suggestive of slow blood flow, may be associated with 
egligible A-V glucose differences. The arterial and venous glucose concentra- 
ons and A-V glucose differences were found to remain remarkably constant 
iring the time intervals observed. The mean variation + the standard deviation 
the mean for the arterial glucose was 0.9 + 0.9 milligrams per 100 ml. These 
ilues for venous glucose were 0.8 + 0.8 milligrams per 100 ml., and the values 
r A-V difference were 1.2 + 1.25 milligrams per 100 ml, 


DISCUSSION 
The data show that the femoral A-V glucose difference in the resting fasting 
Sate is usually small. Statistically, 95 per cent of values should fall within two 
siindard deviations around the arithmetic mean. In a study of A-V differences, 
two different values are determined in order to calculate the difference. It is, 
therefore, theoretically possible that the A-V difference be equivalent to four 
idard deviations and still not be outside the limits of error of the method. In 
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this study, the standard deviation of the method was | 0.47 milfigrams per LOO 
ml., and one has confidence in A-V differences ereater than two milligrams per 
100 ml. If it is postulated that in some instances there is actually no uptake of 
elucose by the tissues of the leg, the negative differences recorded in Table TL are 
of no signifieance, as they fall well within the theoretical limit of two milligrams 
per 100 ml. It is concluded that while a small extraction of @lucose usually 
occurs, frequently no demonstrable amount of sugar is being removed. 

Among others, Somogyi,’ Bose,* and Rabinowitch® report A-V glucose dif- 
ferences across the arm in normal subjects. They fail to show any negative 
values and tend to have a higher average difference than here reported. Glass- 
berg’? in 1930 said there was general agreement that the resting A-V difference 
is three to five milligrams per 100 ml. Others have considered the difference as 
heing negligible although their data show considerable range. 

The amount of glucose used by the lower extremities in the resting fasting 
state has never been estimated. Indirect observations indicate that it is low. 
Myers? observed that in man of average size (1.73 square meters), the liver 
discharged into the hepatie vein approximately 112 milligrams of glueose per 
minute. The brain, from the studies of Scheinberg and Stead,’ uses approxi- 
mately 78 milligrams per minute, Thus, there are roughly only 34 milligrams 
of glucose per minute available for the rest of the body. Goodale and associates 
showed that in man the heart used negligible amounts of glucose when the gen- 
eral blood level is below 80 milligrams per cent. 

If one assumes that the lower extremities compose 40 per cent of the bod) 
volume, one can make a rough calculation of the glueose consumption. From 
other studies* of peripheral blood flow as measured in the plethysmograph at 
32° C. and room temperature of 25° C., the average blood flow in the calf was 
1.4 ml. per 100 ml. of tissue per minute. As the room temperature usually ex 
ceeds 25° C., it seems reasonable to double this figure to allow a ealeulation oi 
the upper limit for the average fasting glucose removal by the lower extremities 
In a 70-kilogram man, the lower extremity volume is approximately 28 liters 
and the total blood flow based on a rate of blood flow of 2.8 ml. per 100 ml. pe 
minute is 780 ml. per minute. With an average A-V glucose difference of 2.2 
milligrams per 100 ml., the fasting glucose uptake by the lower extremities 
would be 17 milligrams per minute, This rate amounts to approximately 24.: 


grams per twenty-four hours. 


Ss 


"MMARY 

The titration method of Somogyi for glucose determination has been eval 
ated and shown to yield a high degree of sensitivity and reproducible accura: 
at blood sugar levels below 120 milligrams per 100 ml. 

The femoral arterial and venous glucose concentrations and the A-V diffe 
ences have been shown to remain remarkably constant in the resting, fasting sta 
during periods of two through twenty-five minutes. 

The average femoral A-V glucose difference is 2.2 milligrams per 100 1 
Frequently there is no measurable difference. 
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There is no correlation between A-V glucose and A-V oxygen differences 


across the leg. 


A rough estimation of the total uptake of glucose by the resting lower 


extremities during the fasting state has been caleulated not to exceed 17 milli- 


grams per minute. 


10. 


Lt. 
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RADIATION REACTIONS IN PARABIOTIC RATS 


JOSHUA L. Epwarps, M.D... AND SHELDON C. SommeErs, M.D. 





Boston, MAss. 


N AN effort to determine whether tissue effects of x-radiation might be medi- 

ated by circulating humoral substances, a series of parabiotic rats was pre- 
pared. After irradiation of one partner, leukocyte counts and histologic ex- 
amination of tissues of pairs sacrificed at intervals provided material for evalu- 
ating radiation reactions in each partner. Because of the importance of adrenal 
function in homeostasis, adrenalectomy of either partner was done before 
irradiation in some pairs. 


MATERIALS AND METHODS 


Preparation of Parabionts.—Two hundred eighty-four albino rats of Slonaker strain, 
30 to 60 days old, were paired by littermates and as to sex and weight. Parabiosis was 
achieved by modified Bunster-Meyer operative technique!.2 under intraperitoneal pheno 
barbital anesthesia. 

An incision was made from near the base of the ear to near the base of the tail on 
adjoining sides of two animals. Skin flaps were slightly undermined, and the ventral flaps 
sewed together with 0000 chromic catgut. The peritoneal cavities were opened by linear 
incisions, and the corresponding edges approximated with 0000 plain catgut, forming a celio 
anastomosis. A single mattress suture joined the two seapulae, and the dorsal skin flaps were 
then sewed together, completing the anastomosis. 

Hemiadrenalectomy.—Four hundred comparable rats were joined by the same operative 
procedure. At the same time one adrenal of one animal was removed through a short flank 
incision. Four to seven days later the remaining adrenal of the same animal was similarly 
removed. One partner was thus completely adrenalectomized. 

The parabiosis operation may be followed by various complications. Operative shock, 
poor recovery from anesthesia, pneumonia, infection of the operative wounds, or failure 
of healing may occur. Older rats are poor material for parabiosis, partly because they ma) 
fight. If littermates were not employed, various indications of tissue incompatibility becam« 
prominent. Animals which died spontaneously post irradiation without prompt autopsy wer 
discarded (Table 1). 

Irradiation.—Twelve to twenty-five days following the parabiotic operation the right 
member of each parabiotic pair received a single exposure of 400, S00, 1,200 or 1,600 r. 0! 
total body radiation. The left partner was carefully protected by a lead shield (Fig. 1 
accurately aligned, and tested by placing film badges under the shield. An insignifican 
amount of contaminating scatter radiation was found. Single control rats were irradiate 
with the same doses. 

A GE Maximar x-ray machine was employed, with the following radiation factors: 2( 
kv., 10 Ma., 35 em. target distance, no filter, half-value layer equivalent to 0.35 mm. of co] 
per, administered at 155 r. per minute. 

After irradiation parabionts were sacrificed at intervals of one hour to twenty-nin 
days with 400 r. x-radiation, one hour to twenty-one days after S00 r., twelve hours to eig! 


days after 1,200 r., and one hour to four days after 1,600 r. 


From the Cancer Research Institute, New England Deaconess Hospital. 
; Presented in part before the American Association of Pathologists and Bacteriologist 
New York, April 11, 1952. 

This work was done under U. S. Atomic Energy Commission Contract AT (30-1)-90 
with the New England Deaconess Hospital. 

Received for publication, May 8, 1952. 
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TABLE I, DISPOSITION OF ALL ANIMALS 


NORMAL ADXED 
PARABIONTS PARABIONTS 
(PAIRS ) (PAIRS ) 
Irradiated and autopsied 18 74 
Died after irradiation, not autopsied i) o 
Controls, not irradiated 9 5 
One member died from the operative procedure OD 22 
One member died before irradiation it) 89 
Died because of fighting S 
Evisceration of wound l 5 
Used for preliminary dye studies 2 
Practice cases > 
Shielded member contaminated by radiation l 
\drenal not completely removed 1 
Total* 146 200 


‘ *Does not include eight parabionts used in exchange experiment or a small number 
irradiated with 1200 r. 


Vascular Erchange.—Demonstration of adequate cross circulations between the para- 
biotic partners was achieved by measuring the rates of transfer of erythrocytes labeled 
with P82, and plasma albumin combined with Evans Blue dye (T-1824). Measurements were 
made on unirradiated parabionts and pairs exposed to 1,600 r., four to twenty-four hours 
previously, 

Normal rat blood was separated into cells and plasma. Erythrocytes were incubated 
with a solution containing P%2 for forty-five minutes, washed and resuspended in physiologic 
saline. A measured amount of Evans Blue dye (T-1824) was added, and the combined 


suspension injected intravenously into the right members of four normal and four irradiated 


TABLE IIT. EXCHANGE OF BLOOD AND ERYTHROCYTES IN PARABIONTS 


NONIRRADIATED PARABIONTS 


INTERVAI CONC. OF T-1824? CONC. OF ERYTHROCYTES 

FOLLOWING RELATIVE RELATIVE 

INJECTION ABSOLUTE PER CENTT COUNTS PER PER CENTT 

ANIMAL ( MIN.) VALUE L OF R MINUTE L OF R 

Rl 30 0.36 675 --- 
LJ 30 0.06 16 229 33 
R2 90 0.18 1,251 - 
L2 90 0.09 50 513 41 
R3 125 0.32 1,797 — 
L3 125 0.21 66 1,288 72 
R4 180 0.18 - 2.000 - 
L4 180 0.14 78 Zot 100 


IRRADIATED PARABIONTS (1,600 R. TO THE RIGHT MEMBER; RIGHT MEMBER INJECTED ) 





INTERVAL INTERVAL CONC. OF T-1824 CONC, OF ERYTHROCYTES 
FOLLOWING FOLLOWING ABSOLUTE RELATIVE COUNTS RELATIVE 
RADIATION INJECTION VALUE PERCENTAGE PER PERCENTAGE} 
ANIMAI (HR. ) (MIN. ) L OF Rt MINUTE L OF R 

R5 6 30 0.96 . 2.057 —- 

L5 6 30 0.08 8.3 606 29 

R6 6 60 0.32 1,050 — 

L6 6 60 0.04 12.0 304 29 

t7 4 120 0.22 - 251 -— 

L7 4 120 0.06 30.0 99 40 

RSs 4 240 0.125 — §25 | -- 

Ls 4 240 0.071 56.0 528 100 


*Concentration of T-1824 expressed in relative units and without quantitative significance 
#Relative percentage is the percentage of concentration of albumin-bound dye and P 
labeled erythrocytes in blood of noninjected animal compared to blood of injected animal. 
tControls: Supernatant plasma of all samples checked for radioactive material. No! 
found. 
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parabiotie pairs. At intervals from thirty minutes to four hours blood was withdrawn from 
each partner, and the relative concentrations of P32 and Evans Blue dye determined in the 
two members (Table IT and Fig. 2). The results were of the same order of magnitude as 
found by Huff, Trautman, and Van Dyke,? who reported an average 0.66 per cent of blood 
volume transferred per minute across the anastomosis in rats. 

Leukocyte Counts.—Both before and after irradiation white cell counts of both partners 
were made, particularly as a check of proper radiation exposures. Counts also served as a 
Semiquantitative index of responses to radiation. Individual irradiated rats were used as 
controls showing the leukopenic response. Rats with complicating infections or inflammation 
had leukocytosis and were excluded. 

Histologic Studies.—Complete autopsies were performed on all animals sacrificed, and 
humerous microscopic sections prepared. Tissues routinely obtained for microscopie study 
included heart, lung, spleen, pancreas, tongue, forestomach, intestine, liver, adrenal, kidney, 
bladder, testis or ovary, lymph node, thyroid, parathyroid, salivary gland, thymus, brain, 
eye, and bone marrow. In some cases the oviduct and uterus were examined. Trachea and 
esophagus were demonstrated in the thyroid block. Tissues were usually fixed in Zenker 
formol and stained with hematoxylin and eosin. Bone marrow was stained by the Giemsa 


method. A few tissues were frozen dried and vacuum embedded in paraffin. 
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DAYS AFTER IRRADIATION 
ADRENALECTOMIZED PARABIONTS 
Fig. 3.—Mean postirradiation leukocyte counts of protected left parabiont (1), irradiated 
right parabiont (R), and single irradiated control rats (C). Animals with sepsis excluded. 
All tissues of irradiated and protected parabiotic partners and controls were systemati- 
ally investigated for pathologie alterations, particularly those of radiation reaction. To 
void bias, correlations of dosages and postirradiation time intervals were not made until 


he histologic study was completed. 
RESULTS 

Leukocyte Response.—In terms of the leukopenic responses to radiation, 
he parabionts showed an increased resistance compared to single rats. The 
vhite cell counts of the irradiated partners did not fall as low as single rats 
xposed to the same dose, and leukocyte levels rose sooner post irradiation. The 
iilder leukopenia and the subsequent leukocytosis of parabionts indicated that 
‘ukocytes were crossing the anastomosis and supporting the white-cell counts 


f the irradiated partners. Fig. 3 shows the comparative responses of mean 
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leukoeyte counts of the parabiotie partners and controls. After large doses of 
radiation, peripheral vessels were terminally so contracted and blood clotted 
so quickly as to prevent collecting significant numbers of control counts. 

Histologic Responses of Irradiated Animals.—In irradiated parabionts and 
single irradiated controls closely comparable microscopic acute effects of irradi- 
ation were observed, which did not differ from experimental radiation reaction, 
as previously deseribed by many workers.*!"  Nuelear pyknosis and swelling, 
cell fragmentation, cessation of proliferative activity, and disarrangement ot 
normal architecture were particularly striking in lymph nodes, thymus, splenic 
corpuscles, and Ivmphoid aggregates in intestinal erypts, bone marrow, and 
hematopoietic foci normally found in the rat spleen; and in developing ovarian 
follicles or testicular spermatogenie cells. 

Less striking but definite damage was observed in tongue, forestomach, 
stomach, bladder, salivary gland, and eye. The covering epithelium of ventral 
tongue surface, forestomach, and bladder showed nuclear swelling, distortion, 
or vacuolization of basal and partly matured cells, with focal pyknosis. Stomach 
mucosa, particularly after 1,200 or 1,600 r., showed variable decolorization, 
granularity, or vacuolization of parietal cells, with some distortion of their 
shape."! Eosinophilic duets of salivary glands were altered by irregular pyk- 
notice destruction of individual cells, at times with irregular dilatation of 
lumens. Similar foeal changes were observed in pancreatic duets. The eye, 
in the lens eapsule epithelium near the anterior bow, had foeal pyknotie frag 
mented nuclei,’? and the inner retinal layers often were edematous, with rare 
pyknotie nuclei. 

Endothelial cells of arteries, arterioles, and capillaries showed acute change, 
most frequently observed in lungs, pancreas, kidneys, and connective tissues 
It consisted in prominent endothelial vacuolization, which at times also involved 
cells deeper in the vessel walls. Endothelial nuclei often became pyknotie, and 
lining cells appeared to slough. Glomerular capillaries participated in these 
changes. As applied to larger vessels, these changes have been termed acut: 
alterative arteritis..° Because of the limited morphologic alterations of which: 
vascular components are capable, they are seen after many different noxious 
stimuli. 

Aside from this vascular reaction, the heart, liver, adrenal, kidney, thyroid 
parathyroid, and brain demonstrated no histologic changes ascribable to radi 
ation. Pancreatie acinar cells and salivary gland cells of serous type had i 
creased apical cytoplasmic eosinophilia associated with loss of zymogen granule: 
This has been found by others in the ‘‘alarm reaction.’’** Mueus-producin 
cells of salivary gland and large intestine showed increased activity, consider: 

a nonspecific catarrhal response. Only in exceptional cases a few thyroid-cé 
nuclei were noted to be pyknotie or irregularly swollen. 

Post irradiation there was frequently a striking interstitial edema « 
tracheal, bronchial, and peribronchial tissues, followed later by inflammatio! 
Overlying epithelium showed varying degrees of degeneration, which was als 
present in the tongue. This appeared quantitatively sufficient to produ: 
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PARABIOTIC 
TABLE III. TisSuE HYPERPLASIAS IN PROTECTED PARTNERS, 
ONE TO FIVE Days Post IRRADIATION 


NONIRRADIATED PARABIOTIC RAT PARTNERS 
| PARTNER 


HYPERPLASIA OF: NORMAL ADRENALECTOMIZED ADRENALECTOMIZED 
Intestinal epithelium 2/14 (14%) 13/26 (50%) 16/33 (49%) 
Bone marrow 9/15 (60%) 19/26 (73%) 29/32 (91%) 
Splenic hematopoiesis 10/17 (59%) 14/24 (58%) 15/31 (48%) 
Lymvh node 7/14 (50%) 21/26 (81%) 29/34 (85%) 
Thymus 4/12 (338%) 9/25 (86%) 26/31 (84%) 
Ovarian granulosa cells 6/8 (75%) 10/12 (83%) 13/17 (77%) 
Testicular spermatocytes 6/9 (67%) 8/13 (62%) 11/17 (65%) 


respiratory distress. It seems to explain the morbidity and mortality of ex- 
perimental irradiation confined to the head, neek, and thorax.’® Recently 
stenosing end results have been reported in mice.'® 

Incidental pathologie conditions found in some rats included parasites in 
intestine, bladder, and occasionally liver; and evidence of bacterial and virus 
infections, as shown by focal inflammation of lung, liver, or kidney frequently 
associated with inclusion bodies. Following high doses of irradiation, ova of 








the intestinal nematodes showed degenerative changes. 

ITistologic Responses With Respect to Dose.—The differences in radiation 
reactions associated with doses of 400, 800, 1,200, or 1,600 r. were quantitatively 
very similar to those described by other workers. With higher doses the sensi- 
tive tissues were more uniformly and thoroughly damaged, and changes were 
more frequently observed in more resistant organs like tongue, forestomach, 
stomach, bladder, salivary gland, and eye. With 400 or 800 r., after three to 
four days, regenerative cellular foci were present in lymph nodes, intestinal 
erypts, bone marrow, and gonads. These were searcer after 1,200 or 1,600 r., 
and their appearance was delayed. 

Radiation reaction per se did not appear altered by parabiosis. Only the 
increased postirradiation longevity of some pairs allowed tissues a longer inter- 
val for radiation degeneration and regeneration than occurred in irradiated 
single animals.'? 

Histologic Responses in Nonirradiated Partners.—The nonirradiated par- 
bionts showed no mieroscopic evidence of radiation reaction mediated by 
irculating substances. Sinee the pairs had a common peritoneal cavity, and 
itestinal loops were easily herniated across the juncture, occasionally observed 
idiation reaction limited to the.small intestine of the protected partners was 
it unexpected. 

Histologic variations from normal observed in some protected partners 
cluded one- to five-day periods of hyperplasia of those tissues most damaged 


TABLE LV. TESTICULAR INTERSTITIAL CELL HYPERPLASIA, 1 TO 5 Days Post IRRADIATION 


IRRADIATED RAT PROTECTED RAT 
Normal parabionts 0/9 0/9 
Irradiated rat adrenalectomized 8/13 (61%) 6/13 (46%) 
Nonirradiated rat adrenalectomized 1/17 ( 6%) 14/17 (88%) 
Totals: Adrenalectomized 22/30 (73%) 
-artner adrenalectomized 7/30 (23%) 














348 EDWARDS AND SOMMERS 


in the irradiated partners (Table III). In the small intestine mitoses were 
present in large numbers in crypt epithelium, seemingly increased for three or 
four days post irradiation. The crypt nuclei were prominent, appeared en 
larged, crowded, and sometimes slightly irregularly palisaded (Fig. 4). For 
the same interval bone marrow and splenic hematopoietic hyperplasia developed, 
with increased numbers of less mature and stem cells (Fie. 5). In lymphoid 
tissues germinal centers were enlarged, with enhanced Iymphopoiesis, and in 
thymus the cortex was thickened (lig. 6). These hyperplasias were more regu- 


larly observed in hemiadrenalectomized parabionts (Table I] 





Fig. 4.—Small intestinal epithelium of unirradiated left partner (ZL) on the left, irrad 


ated right parabiont (R) in center, and normal control rat (C) on the right Enlargement 
and crowding of crypt nuclei of L and radiation damage and atrophy of R are present tw: 
days after 1600 r. (x 825.) Hematoxylin and eosin. 


Granulosa cells of developing ovarian follicles were frequently layered i 
increased rows and showed numerous mitoses. The central follicular cavities 
were reduced in size (Fig. 7). Spermatogenie cells in testicular tubules, partic 
larly primary and secondary spermatocytes, were enlarged, mainly by increas 
in eytoplasmie volume, so that they filled more of the tubular lumens. Matul 
tion to spermatids appeared decreased, and there were increased amounts 
cytoplasmic material free in the spermatic tubules (Fig. 8). In both sexes the 
alterations did not subside as quickly as the other tissue hyperplasias, and we 
evidently not affected by hemiadrenalectomy (Table II1). This analysis 's 
complicated by other endocrine interactions which also occur in nonirradiat« (| 
parabionts. 

Histologic Responses With Re spect to Adre nalectomy. Histologic effec s 
of radiation in hemiadrenalectomized parabiotic rats were quantitatively a) | 
qualitatively no different from other parabionts. This was true whether 
irradiated or protected partner had been adrenalectomized. Perhaps the easir 
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way to distinguish the adrenalectomized partners, whether irradiated or pro- 
tected, was by the increased eosinophilic leukocytes in tissues, particularly in 
intestinal lamina propria, bone marrow, and sometimes spleen. 

Lymphoid tissue was hyperplastic in most of the nonirradiated members of 
hemiadrenalectomized pairs (83 per cent), regardless of which rat was adrenal- 
ectomized. The frequency and degree of lymphoid hyperplasia were significantly 
ereater than in normal parabionts (Table II] 


a 





Fie. 5. Bone marrow sections of protected (1), irradiated (R) parabionts, and normal 
ontrol rat (C), reading left to right, Hyperplasia of protected parabiont’s hematopoietic 
ells (L), radiation atrophy of its partner’s marrow (R), five days after 1600 r., and normal 










pattern (C) are shown. (X825.) Hematoxylin and eosin. 
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Fig. 6.—Submental lymph nodes of protected (ZL) and irradiated parabionts (R), two 
after 1600 r. The former is hyperplastic and the latter shows radiation atrophy, com- 
With the normal control rat (C). (xX 205.) Hematoxylin and eosin. 
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Testicular interstitial cells were often hyperplastic (73 per cent) in the 
adrenalectomized partners, and less regularly (283 per cent) in the opposite 
members of the pairs (Table IV). Rarely, ovarian hilar cells were similarly 
increased. 

In hemiadrenalectomized parabionts there was an inconstant increase in 


recognizable tissue mast cells, particularly observed in striated muscle of tongue 











Fig 7 Protected parabiont ovary (J.) with granulosa-cell hyperplasia, compared to it 
rradiated rat partner (R), three days after 1,200 r, showing marked radiation damage to ov 
ind granulosa cells, (*« 205.) Hematoxvlin and eosin 








Fig. 8.—Unirradiated parabiont testis (L.) with enlargement and hyperplasia of immat 
spermatogenic cells, associated with decreased spermatid maturation The irradiated part: 
(R), one and one-half days after 1,600 r, has typical radiation damage of testis. Control 
(C) shows normal spermatogenesis. (X<825.) Hematoxylin and eosin. 
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and in bone marrow, from one to four days post irradiation. It occurred in 
either partner, without uniform relationship to which one had been adrenal- 
ectomized or irradiated. 

All hemiadrenalectomy experiments in parabiotic rats were complicated by 
the rat’s ability to form accessory adrenal cortical tissue, or ‘‘glandular fat.’"* 7° 
Abundant masses appeared in the renal pericapsular and peripelvie fat, and at 
the ovarian hilus. It was increased in the mediastinum at the base of the heart, 
around the thymus, and in the cervieal region outside the capsules of thyroid 
and salivary glands. 





Fig. 9. Fig. 10. 


Fig. 9.—Adrenal from irradiated rat parabiont, two days after 1,600 r. Its partner had 
en adrenalectomized. Cortical cells of zona fasciculata are enlarged and depleted of lipoid. 
(X165.) Hematoxylin and eosin, 
Fig. 10.—Adrenal of protected rat parabiont whose partner was both adrenalectomized 
irradiated with 800 r. one and one-half days before. Cortical cells are hypertrophied and 
ntain abundant fine cytoplasmic vacuoles. (*165.) Hematoxylin and eosin. 


When the nonadrenalectomized partner was irradiated, its adrenals showed 
croseopie changes not otherwise apparent. The hyperplastic zona fasciculata 
ls lost a moderate amount of finely vacuolated lipoid from their hypertrophied 
oplasms, which was replaced after four to five days (Fig. 9). This change has 


20 


‘en reported in single rats as a reaction to acute stress.*° It was not observed 
n the adrenals were left in the protected partner (Fig. 10). In protected 
portners thymie and testicular interstitial-cell hyperplasias were more common 


(“+ and 82 per cent) when the rat with adrenals was irradiated than when the 
arenalectomized partner was irradiated (36 and 46 per cent). This indicates 
rectly that radiation depressed adrenal cortical function (Tables ITT and 
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DISCUSSION 


Microscopie observations made in this study provided no evidence for the 
transmission of radiation effects by circulating substances. If there were such 
substances their existence in rats would appear to have been so fugitive or their 
influences so subtle that recognizable morphologic alterations did not result at 
the time intervals studied." 

The tissue destruction following radiation damage at times had recognizable 
repercussions in the protected parabiotie partners. Cells which normally cireu- 
late, particularly leukocytes, demonstrated this interaction. In the irradiated 
members normal resupply of leukocytes was prevented after bone marrow and 
lymphoid damage, but the falling white blood cell counts were bolstered by the 
protected partners’ leukocytes. Increased over-all demand was indicated by 
the hematopoietic and Ivmphoid hyperplasias, of which the protected partners 
were immediately capable. Participation of substances such as leukotaxin and 
leukocyte promoting factor is inferred.*!| Nuclear breakdown products are also 
known to enhance hematopoiesis.22. Because of convenient quantitative tech 
niques, such hematologic reactions have had wide study. 

Small intestinal epithelium showed a similar post-irradiation hyperplasia in 
some protected rat partners. Destruction of intestinal cells apparently set off a 
reparative stimulus to which the normal intestine was capable of responding 
more quickly than irradiated bowel. Evidently this was mediated by circulating 
factors, whether trephones, hormones, or of other types. 

Hyperplasia of ovarian granulosa cells would seem to be a third instance 
of the same type of reaction. Here other experimental work indicates that 
increased pituitary follicle-stimulating hormone secretion probably has resulted 
from loss of inhibiting estrogen when irradiation damaged the granulosa and 
theea cells.® ** 24 The protected members’ granulosa cells were capable of im- 
mediate proliferative response. 

In the testis a somewhat comparable hypertrophy and hyperplasia at tlie 
spermatocyte level occurred in nonirradiated parabiont partners. At tle 
expense of further differentiation these immature cells enlarged and east off 
cytoplasm into the spermatic tubules. Since interstitial cells are quite radio- 
resistant, and major testicular irradiation damage was in tubules, this indicated 
indirect effects produced by circulating substances of spermatogenie cell orig 
It is another demonstration that some testicular tubular cells have hormonal 
activity.”> 76 

Hemiadrenalectomy did not affect the localization, severity, or microsco) \¢ 
appearance of radiation reactions. The outstanding morphologie evidences of 
adrenal removal ineluded lymphoid hyperplasia, tissue eosinophilia, hyperpla-'a 
of testicular interstitial cells, and compensatory production of glandular 
When adrenals remained in the irradiated partner, loss of adrenal corti J 
lipoid not otherwise observed became evident. By increased incidences »! 
lymphoid and interstitial cell hyperplasias it was independently indicated 1 
irradiation had reduced adrenal cortical function. The various tissue chan-’s 

















RADIATION REACTIONS IN 





PARABIOTIC RATS 
just listed are acknowledged morphologic evidences of adrenal cortical exhaus- 
tion or insufficiency. No changes ascribable to adrenal medulla removal were 
seen. 

It is of interest that hyperplasias of protected intestinal epithelium and 
hone marrow were more frequent in hemiadrenalectomized parabionts. The 
simplest satisfactory explanation of this would seem to be that two functioning 
anterior pituitary glands tended to outweigh in their repair-stimulating hor- 
monal activities post irradiation the inhibitory effects upon protein anabolism 
of one set of adrenal glands. That this is not also true of gonadal tissues shows 
that separate hormone systems are involved, as is already well known. 

The ‘‘alarm reaction,’’ with its implication of pituitary-adrenal-cortical 
responsibility for major adaptive reactions to noxious agents, might be invoked 
to explain many of the changes described. Lymphoid tissue destruction, deple- 
tion of zymogen granules in salivary gland and pancreas, and decreased adrenal 
cortical Lipoid are characteristic findings in reactions to stress. However, the 
acknowledged imperceptible insidious nature of ionizing radiation makes it 
unlike ordinary stress-produecing agents. Jlonizing radiation does not fit easily 
into a list of causes of ‘‘alarm reactions.’” Radiation has in common with these 
miscellaneous noxi mainly a striking transient interference with protein re- 
synthesis, particularly of nucleoproteins, following tissue destruction. Inhibi- 
tion of protein and nucleoprotein synthesis may be effected directly by ionizing 
radiation, or indirectly through pituitary-adrenal stimulation, or otherwise. 

The complexity of experimental parabiont reactions should not be over- 
looked. In such animals blood and tissue incompatibilities were always potential 
and sometimes obvious complicating factors. Other types of endocrine imbalance 
were also likely. For purposes of unity these matters are considered separately, 
since they had no erucial influence on the radiation changes, and also were mostly 
only ineidentally altered by irradiation. 


SUMMARY 


A study was made of morphologic tissue changes and leukocyte counts after 
ionizing radiation, using parabiotie rats. One member was protected from x-rays 
by a lead shield, and the other member given a single dose of 400, 800, 1,200, 
or 1,600 r. total body x-radiation. Vascular connections were proved using 
labeled erythrocytes and T-1824 dye. 


No pathologie evidence of radiation damage to the protected rats was found, 


S as might be mediated by circulating substances. Increased resistance of 
pi rabionts to irradiation of one member was indicated by less marked leukopenia 
t] in irradiated single rats, and the protected rats’ leukocytes appeared to 


bo ster the irradiated partners. 

Intestinal, lymphoid, and hematopoietic tissues of the protected partners 
ol’: n showed brief periods of hyperplasia post irradiation. This was more fre- 
qucutly observed in hemiadrenalectomized parabionts. Ovarian granulosa cells 
an testicular spermatocytes also sometimes became hyperplastic in protected 
without relation to adrenalectomy. No differences in radiation reactions 
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were observed ascribable to adrenalectomy. lonizing radiation damage appears 


to have in common with the ‘‘alarm reaction’? mainly an inhibition of protein 


res\ nthesis follow ing increased tissue breakdown. 


Acknowledgment is made to the staff of the Cancer Research Institute, New England 
Deaconess Hospital for advice and technical assistance with irradiation, biology, hematology, 
and histopathology. Misses Rosanna Chute and Anne E, Grimwade performed many operations 
and made the blood counts. 
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THE PROTECTIVE EFFECT OF SHIELDED ECTOPIC BONE MARROW 
AGAINST TOTAL BODY X-RADIATION* 
J. B. Storer, M.D., C. C. LusHspaucu, M.D., ano J. E. FURCHNER, M.S. 
Los ALAMOs, N. M. 


T HAS been shown that lead shielding of various organs or portions of the 

body increases survival in experimental animals exposed to lethal doses of 
x-radiation.’"* Shielding of such organs as the spleen or intestine has been 
accomplished by exteriorizing the organ and enclosing it in lead.” A protective 
effeet of shielding bone marrow has been inferred from experiments in which 
bony structures have been shielded.':* Until now it has not been shown con- 
clusively that other tissues, such as muscle, connective tissue, primitive reticulum, 
and bone, which are unavoidably shielded in these experiments, do not contribute 
to the protective effect, or that this protective effeet depends on well-developed 
hematopoietie tissue. 

The mechanism by which this protective effeet of shielding is mediated is 
not known. It has been shown that animals irradiated with their spleens shielded 
differ from the irradiated controls in the following ways: (a) the hemoglobin 
values, red blood counts, and hematocrits are not depressed in the shielded 
animals, (b) the white blood count does not fall to as low levels and returns to 
normal more rapidly,! (¢) the iron uptake by red cells is not so severely de- 
pressed,® and (d) there is a uniform rapid regeneration of bone marrow.* * A 
“humoral factor” released by the shielded spleen has been suggested to explain 
these effeets.2 Lorenz and associates,” however, in experiments in mice, trans- 
planted normal bone marrow into irradiated animals and found (a) inereased 
survival, and (b) foci of extramedullary hematopoiesis in the liver. The 


1)? 


sence of these foci of cells appears to support a second hypothesis of a “seed- 
ing” of normal hematopoietic cells which then proliferate and produce the pro- 
fective effeet. Another possible explanation is based on the belief that the 
reliculum of fat is capable of differentiating into hematopoietic tissue. The 
eflect of shielding this reticulum on survival of irradiated animals is not known. 
The prineipal difficulty in testing this possibility has been in finding a suitable 


method of stimulating differentiation of normal reticulum into marrow. Huggins 
a Blocksom’ showed that if the skinned tail of a rat is placed within the 
a)'ominal eavity, red bone marrow will develop in it, whereas normally it 
corrains only fatty marrow. This differentiation is thought to be due to the 
ine eased temperature of the tail within the abdominal cavity. 


‘sing Huggins’ and Blocksom’s technique for producing ectopie marrow in 

ils of rats, the survival of rats exposed to total body x-radiation was studied 
shielding ectopic tail marrow, (b) shielding normal fatty tail marrow, 
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and (¢) first shielding the fatty tail marrow reticulum and then attempting to 
produce hematopoiesis in it by abdominal implantation. Determinations of the 
comparative changes in hemoglobin and white-cell values, in red-cell iron uptake, 
and in radiosensitive organs in irradiated rats with and without shielded ectopic 


tail marrow were also made in order to determine whether changes oceurred 





which would support a “humoral” or “seeding” effect as an explanation of thy 


protection obtained by shielding. 





Fig. 1. \ppearance of the marrow cavity of a rat’s tail four months after implantation 
the abdominal cavity. 


MATERIALS AND METHODS 


A total of 120 male Sprague-Dawley rats was used. These rats were approximatt 


weeks of age at the time of insertion of the distal portion of the stripped tail inte 


peritoneal cavity. The radiation experiments were performed four months later, when eect 


marrow was well established. At the time of irradiation the animals were 21 weeks ol 


that for the most part survival was studied on adult animals. An exception was the ex 
ment in which the tails of 5-week-old rats were irradiated with the fatty tail marrow shi 
and then the tail inserted into the abdomen. All experimental animals were housed fi 
six to a cage and given water and Purina Laboratory Chow ad libitum prior to and foll 
surgical treatment and x-radiation. 

Ectopic marrow formation in the tail was induced in the following way.  Five-wee 
rats were anesthetized with ether, and the distal two-thirds of the tail was skinned. 
skinned portion was inserted into the abdomen through a low right-flank incision and su 
in place by a row of interrupted steel sutures through the skin of the flank and the m: 


of the skin left on the tail. No attempt was made to close the peritoneal or muscle I: 
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No wound disruptions were encountered. Healing was uneventful, and the abdominal and 
tail skin healed together well. Bleeding from the tail was controlled at the time of operation 
by tying a rubber band securely around the base of the tail as a tourniquet. Four months 
later a moderate amount of hematopoietic tissue was found to be present in the marrow 
cavity of the tail (Fig. 1). This occurrence of hematopoietic tissue in the marrow cavity is 
in striking contrast to the marrow cavity of the normal tail which contains only fat and 


reticulum (Fig. 2) 





) 


Fig. 2.—Appearance of the marrow cavity of a normal rat tail. 


The effect of shielding ectopic red marrow on survival was investigated as follows: 

S ty-five rats having the distal two-thirds of their tails in their abdominal cavity for the 
| ous four months were used. The tails were exteriorized under pentobarbital anesthesia by 
ng a circular incision through the skin around the tail and dissecting it free from the 
‘rent abdominal muscles, Adhesions between the tail and omentum were commonly en- 
tered, but these were easily lysed. Occasionally the tip of the tail was found to be ad- 
t to the liver capsule. In these eases the tip was cut off rather than dissected free, since 
pts at dissection usually resulted in a tearing of the hepatic capsule which then led to 

hemorrhage. The tail was found to have a fairly abundant collateral circulation with 

iddominal wall. It was also found invariably to be ankylosed. Following exteriorization 

il was wrapped in a gauze moistened with saline, shielded or not, and the rat was exposed 

il body x-radiation. Shielding was performed in thirty-eight of the seventy-five rats by 


p ig the whole tail between a one-half inch lead shield. The rats were irradiated in pairs, 
01 th the tail shielded and one without. The x-rays were delivered by a Picker Industrial 
M machine using the following factors: inherent filtration equivalent to 2 mm. Al with 
I Al and % mm. Cu added, 250 K.V.P., 15 Ma. 55 em. tube specimen distance, 75 r per 
m e. Radiation dosages were measured in air with a 100 r Victoreen ionization chamber. 
D 


irradiation the rats were lying on a one-quarter inch sheet of Lucite suspended in air 

















3S 





AND 





FURCHNER 








STORER, LUSHBAUGH, 
by a specially constructed wood frame. Six hundred fifty air roentgens were delivered during 
each exposure, Following irradiation the shielded and unshielded tails were reinserted in the 
peritoneal cavity and the wounds were closed with continuous steel sutures. At this time it 
was found necessary to suture through the entire thickness of the abdominal wall rather than 
just through the skin to prevent herniation. To determine the effect on survival of shielding 
the tails of normal rats, forty adult rats were irradiated with 650 r, twenty with the tail 
shielded by one-half inch of lead. Following these procedures the rats were housed as pre 
viously described, and the mortality rate determined, 

Blood counts following exposure to 650 r were done on a second group of fourteen rats 
irradiated with or without shielding of ectopic tail marrow. The operative and irradiatior 
techniques were the same as described above. Two days prior to, and at intervals of two days 
following, irradiation total white-cell counts, hemoglobin determinations (Sahli method), and 
differential white-cell counts were done. <At intervals rats were sacrificed from these two 
groups for histologic study. The tissues were fixed in Formalin, sectioned in paraffin, and 
stained with hematoxylin-eosin. Since there was spontaneous mortality in the unshielded 
group in addition to the attrition of serial sacrifice, no blood count data were obtained on this 
group beyond eight days following irradiation. 

[ron59 uptake was investigated on sixteen rats exposed to 500 r, eight with and eight 
without shielding of the ectopie tail marrow. Twenty-four hours after irradiation a trace1 
dose of Fe5® was injected into eaeh of the two experimental groups and into eight un 
irradiated rats serving as normal controls. At intervals of three and seven days blood 
samples were obtained by cardiae puncture. Determination of red-cell radioactivity was 0] 
tained by subtracting the serum radioactivity value from that for the whole blood, Activity 
measurements were made by the method described by Berlin and associates,’ and calculations 
of the percentage of activity in red cells were based on their figures for the blood volume otf 
rats. Blood counts were done on this series of animals at appropriate intervals. Spontaneous 
mortality, accidental deaths from cardiac puncture, and sacrifice in unsuccessful attempts 1 
obtain radioautographs made it impossible to prolong blood studies to the point where 
recovery to normal values might occur. 

The effect of shielding reticulum capable of differentiation into hematopoietic tissue was 
studied also. Twenty rats 5 weeks of age were irradiated with 500 r, ten with the 
shielded as described. Following irradiation the ten rats with the tail shielded were operat 
upon and the tail inserted into the peritoneal cavity by the technique previously descril 


Mortality in the two groups was followed for thirty days. 


RESULTS 

Lead shielding of the small amount of ectopic bone marrow formed in t!i 
rat’s tail by abdominal implantation increased survival following total bod) 
x-radiation. Sixty-eight per cent of the rats so treated survived 650 r total body 


» 


radiation, as opposed to 32 per cent of those receiving the same operative tr 


ment but irradiated without shielding. Analysis of these data by the chi squa! 


method gives a p value of < 0.01. These data are shown in Table I. Norma 


rats having only fatty marrow in their tails showed no increase in survi 


(Table I) when irradiated with their tails shielded. The survival in the 


f. 


groups of twenty normal adult rats irradiated with and without their 1 
shielded was 45 per cent and 55 per cent, respectively. A p value of < 0.° Is 
obtained for this difference by the chi square method. 

Uptake of Fe’ by the red cells of rats irradiated with 500 r with and w 
out ectopic marrow shielding and of normal unirradiated rats is shown in Fis 


Each point on the graph represents the average value for five rats. Both 
irradiated groups showed pronounced depression of uptake at the two inte! 
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at which blood samples were withdrawn. At three days there was no significant 


difference between the two groups. On the seventh day the rats irradiated with 


the tail shielded showed a slightly greater percentage of iron uptake by the red 


cells in their cells than did those irradiated with the tail unshielded. 


The changes in the white count and hemoglobin levels of rats irradiated with 


650 and 500 r are shown in Figs. + and 5. Data on the relative rate of recovery 


of these values for the two groups were not obtained since spontaneous mortality 


prevented a continuation of the study. 
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Fig. 3.—Per cent of Fe" appearing in red cells at intervals after a single intravenous 
tion, in control rats, in rats subjected to 500 r total body x-ray, and in rats irradiated 
200 r with shielding of ectopic tail marrow. 
Hlistologic studies showed that four months following abdominal implanta- 
there was a moderate amount of marrow present in the tail in contrast with 
ial tails which contained only fatty marrow. One day after irradiation there 
the usual degenerative changes in the thymus and lymphoid tissue. The 
ielded tails and femoral marrows of both groups showed “hemorrhagic” 
ow with pronounced destruction of cells. The shielded marrow showed 
rgement of venous sinuses but not cell destruction. There was no extra- 
lary hematopoiesis in kidney or liver. There was considerable red-cell 
S phagoeytized in the spleen. Two days after irradiation the degenerative 
es had progressed, but were otherwise similar to those seen at one day. At 


days after exposure there was still no evidence of hyperplasia of the 
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Fig. 4.—White blood counts in rats irradiated with 500 r and 650 r with or without shielding 
of ectopic tail marrow. 
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5.—Hemoglobin values (Sahli) in rats irradiated with 500 r and 650 r with or wit 
shielding of ectopic tail marrow. 
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TABLE I. THirRTY-DAY SURVIVAL IN ADULT RATS IRRADIATED WITH 650 R TOTAL Bopy 
X-RADIATION WITH AND WITHOUT SHIELDING OF RED OR FATTY MARROW IN THE TAIL 


NO. 30-DAY PER CENT SIGNIFICANCE 


RATS TREATMENT SURVIVAL SURVIVAL OF DIFFERENCE 
38 Irradiated with shielding of ectopic 26 68 
tail marrow 
37 Irradiated without shielding of 12 32 Pp 0.01 
ectopic tail marrow 
20 Irradiated with shielding of 9 £5 
normal tail 
20 Irradiated without shielding of 1] 55 Pp 0.5 


normal tail 


marrow either in the tail or the femur of animals that had the tail shielded dur- 
ing radiation. The debris in the marrow was cleaned up by this time, and an 
extreme loss of cellularity was apparent. No extramedullary hematopoiesis was 
seen in any of the sections. The spleens from both groups were atrophic, and 
contained considerable hemosiderin. 

The effect on survival of shielding the fatty marrow reticulum during 
irradiation, and then implanting the tail in the abdomen, is summarized in 
Table II. None of the ten young rats so treated survived for thirty days, as 
opposed to five survivors of the ten unshielded, unoperated, irradiated controls. 
PaBLE IT, Errecr oN Survival or YounG Rats OF SHIELDING RETICULUM IN Fatty TAIL 


MARROW DURING IRRADIATION WITH 500 R FOLLOWED BY IMPLANTATION OF THE TAIL INTO THE 
ABDOMEN 


30-DAY PER CENT 
NO. RATS TREATMENT SURVIVAL SURVIVAL 
10 Irradiated with tail shielded. Tail im 0 0 
planted in abdomen following irradia 
tion 
10 Irradiated without shielding. No opera dD 50 
tion 


DISCUSSION 

Survival of rats exposed to 650 r of x-radiation was significantly increased 
en ectopic marrow in the tail was shielded during irradiation. Since survival 
rats irradiated with shielding of the normal tail, containing no red marrow, 

not increased, it is apparent that the beneficial effect of shielding bony 
uctures is due to protection of the hematopoietic tissue per se rather than to 
tection of the unavoidably shielded bone, cartilage, fat, reticulum, and 
rous tissue. 

The characteristic differences reportedly found between animals irradiated 

and without spleen shielding were not found between rats irradiated with 

without shielding of ectopic bone marrow. The hematologic changes for 
first eight days following irradiation were identical for the two groups. 
‘ther or not final recovery of the blood picture to normal values was 
ened in the shielded group could not be determined, since spontaneous 
tality, serial sacrifice, and accidental deaths from cardiae puncture left no 
t's living in the unshielded group at ten and thirteen days for the animals 


ving 650 r and 500 r, respectively. There was a suggestion of a more rapid 
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recovery of erythropoiesis in the shielded group in the iron uptake study. This 
more rapid recovery, however, was not confirmed histologically. There was no 
apparent difference in histologic changes between the two groups in any of the 
tissues studied except in the tail marrow. In the shielded animals this marrow 
showed no evidence of degeneration, but neither did it show hyperplasia. 

It seems likely that the reason for the lack of any significant differences in 
the blood counts, 1ron uptake by red cells, and histology of the two Groups Was 
that the amount of marrow shielded was too small to produce measurable differ- 
ences in the various factors whieh were studied. The marrow eavity of the tail 
was found to be extremely small and, while a moderate amount of marrow was 
present, it did not approach the amount found per unit area in other marrow 
containing bones such as the femur. If the minuteness of the amount of marrow 
shielded is the true explanation of the lack of differences observed, it must bh 
concluded that survival remains the most sensitive criterion in evaluating yfro 
phyvlactie measures. 

It also appears that only minute amounts of normal marrow are necessary 
to increase survival following irradiation. The lack of evidence of an increased 
rate of regeneration of the unshielded marrow indicates that such regeneration 
is not necessarily related to increased survival. This facet is also apparent from 
the data of Jacobson and associates on the effect of shielding the head or ex 
teriorized intestine of mice exposed to 1,025 r of x-radiation.* At eight days 
following irradiation the regeneration of marrow in mice exposed with thei 
intestines shielded was “nearly complete,” while marrow recovery in the head 
shielded group was “only partial.”’ Despite these differences in regeneration of 
the marrow, the percentage survival in the two groups was 26.6 per cent and 27.7 
per cent, respectively. 

The exaet mechanism by which survival is affected through the presence 
of undamaged hematopoietic tissue is not known. In view of the lack of findings 
in the present study to support either the so-called humoral or seeding theories, 
it appears necessary to consider a third possible explanation, namely, that the 
undamaged marrow or spleen serves as a focus for sufficient hematopoiesis to 
support life until the irradiated but relatively radioresistant marrow reticulw 
can reconstitute hematopoiesis elsewhere. 

The presence of growing ectopic hematopoietic foci following intravenous 
injection of normal marrow into irradiated mice® cannot be considered as evi 
dence in favor of the seeding theory. It would, however, seem to support 1 
observation that only minute amounts of normal viable marrow are needed to 
enhance survival in irradiated animals. The presence of ectopic marrow follo 


ing an intravenous injection of marrow is only the expected result of such a p 
cedure. If marrow regeneration depended on seeding by way of the blood 
stream, ectopic hematopoiesis would be expected in many organs other than 
marrow spaces. Such eetopie foei were not found in the present study, altho 
foei in the liver of spleen-shielded mice have been reported.# 

The humoral theory for explaining increased survival in spleen-shield:d 
animals is based primarily on the fact that regeneration of the irradiat:d 
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marrow is hastened in these animals. Since an increased rate of regeneration 
is not essential for producing inereased survival (vide supra) it seems likely 
that the critical factor in determining survival in an animal is whether or not 
there are sufficient undamaged circulating white cells to maintain the minimal 
defense mechanisms required to sustain life until regeneration of marrow occurs. 
A hastening of marrow regeneration would be advantageous, since it would 
shorten the period ot dangerously low levels of circulating normal white cells, 
but it is probably not of primary importance. 

Circulating undamaged white cells ean be provided in irradiated animals 
in a number of ways. Marrow or spleen transplantation or blood transfusions 
following irradiation or shielding of hematopoietic tissue during irradiation 
provide such eells. All these procedures inerease survival. It is significant that 
lysed marrow cells do not increase survival.” This fact strongly suggests that 
intact cells are required. The recent report by Cole and associates'’ on the 
protective effeet of spleen homogenates does not conflict with this idea, since in- 
tact cells were present in the material they injected. 

Evidence of maintenance of the defense mechanisms during the period fol- 
lowing irradiation in partially shielded animals was found in rabbits irradiated 
with shielding of the spleen or lymphoid tissue of the appendix.'! Tligher anti- 
body titers were produced by these animals following the injeetion of antigen 
than were found in the irradiated controls. It has been shown also that strain- 
specific resistance to leukemie transplants is higher in CE-1 mice irradiated with 
spleen or head shielding than in nonshielded controls irradiated with the same 
dosage of x-radiation.'” 

The observation that surgical removal of the shielded spleen following 
irradiation does not prevent increased survival in mice? does not conflict with 


ie thesis that protection is mediated by a relatively small number of circulating 


ormal white cells. One to six hours following irradiation the shielded spleen ean 
removed without adversely affecting survival.” The spleen of rodents 
mally contains foci of lymphopoiesis and myelopoiesis. Within one to 
hours following irradiation the shielded spleen must release a_ sufficiently 
rge number of normal white cells into the general circulation to insure survival. 
is premise is supported by the faet that various types of acute stress have been 
wn to produce a rapid increase in circulating white cells. These increases 
occur in a matter of minutes rather than hours. (For a review of the 
rature see Michael.’*) Presumably the leukocytosis induced by stress is due 
er to release of large numbers of cells by hematopoietic centers or to con- 
tion of the spleen with a ‘“‘squeezing out” of cells into the cireulation. The 
al rise in heterophil levels produeed in rabbits't and rats'® by total body 
liation indieates that this radiation serves as a suitable stress for increasing 
vhite count initially. 

It is not necessary to postulate a humoral factor as being responsible for 
thy inereased rate of regeneration of the marrow of spleen-shielded animals. 
It 's well known that the rate of repair of damaged tissues depends on the 
ge: eral health and metabolie state of the animal. For example, the healing 
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of surgical wounds is greatly impaired in protein-depleted rats." The general 
health of animals irradiated with their spleens shielded is obviously better 
objectively than that of the irradiated controls. It is not surprising, then, 
that the reparative process in the marrow of the shielded mice proceeds more 
rapidly. The same conclusion can be reached from a different point of view, 
Animals irradiated with low doses of radiation show a more rapid recovery 
of the bone marrow than do animals irradiated with large doses.'" No doubt 
the marrow is more severely damaged at higher doses but in the repair process 
it is not a simple matter of a return to normal of the damaged mature cells 
but of their replacement by new cells. This replacement occurs faster in 
animals receiving the lower doses, presumably partly because the general 
health of the animals is better than that of the animals exposed to higher 
doses. An analogous situation exists clinically where persons severely ill may 
show a “toxic” depression of marrow function in the absence of specific 
damage to the marrow per se, while other patients less severely stricken with 
the same disease may show an extensive leukocytosis. 

It seems likely that the rats used in the present study did not show an 
increased rate of marrow regeneration because the number of normal cells 
circulating was barely sufficient to sustain life, and their general health was 
only slightly better than that of the irradiated controls. In experiments in 
Which animals are irradiated with their spleens shielded it is probable that 
more hematopoietic tissue is being shielded than the minimum necessary to 
insure survival at the radiation doses used. At radiation dosages of 1,025 1 
(the LD-50 for spleen-shielded mice), no anemia and only a transient leuko 
penia occur. That this degree of maintenance of hematopoietic function is 
not necessary to insure survival has been shown by the present study. The 
shielding of excessive amounts of hematopoietic tissue probably maintains the 
animals in far better general health than the minimum necessary for surviva 
As a result of better general health it would be anticipated that regeneratio: 
of radiation-damaged tissues such as the bone marrow would be hastened. 

It would appear that if more hematopoietic tissue is being shielded 
spleen-shielded mice than is necessary to maintain the minimum defens: 
mechanisms required to ensure survival, no mice would die at doses of 1,025 
but such is not the case. However, on the basis of work by Petersen ai 
Dubois,'* it appears that the reason for death in these animals may not 
due to lack of sufficient hematopoiesis to support life but to irreparal 
damage to some tissue or tissues other than those engaged in hematopoies 
In these experiments with rats, 1,250 r delivered to the abdomen were leth 
even though the relatively vast amounts of marrow present in the he: 
thorax, and extremities were protected during delivery of the radiation. T!'s 
fact suggests that some second critical tissue (the hematopoietic and lyhp! 
poietic systems being the first) is so severely damaged by this dose of radiati 
that maintenance of normal or nearly normal defense mechanisms is insuffici: 
to insure survival. <A similar hypothesis has been advanced by Jacobson 
associates to explain mortality in mice irradiated with 1,000 r with spl 


shielding.* 
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The lack of effeet on survival of abdominal implantation of the normal 
shielded tail following irradiation is not surprising. In view of the above 
considerations, it would be anticipated that marrow formation would occur 
even more slowly in irradiated rats than in normal rats. Since a long latent 
period for this transformation was found in normal rats, it is apparent that 
the process occurs at too slow a rate to influence survival following acute 
radiation exposures. 

The present study does not elucidate the mechanism by which shielding 
of hematopoietic tissue exerts its protective effect. Considerably more work 
must be done before it can be stated with any certainty which, if any, of the 


possible mechanisms discussed is responsible for increased survival. 


SUMMARY AND CONCLUSIONS 


Lead shielding of small amounts of ectopic marrow induced in the tails ot 





rats by abdominal implantation increased survival of rats exposed to 650 r of 


total body x-radiation. Shielding of normal tails containing fatty marrow did 
; not increase survival, indicating that marrow cells per se rather than other 
s tissues unavoidably shielded are responsible for increased survival in bone- 
1 shielding experiments. Implantation of shielded normal tail into the abdomen 
{ following irradiation did not increase survival of rats because of the slowness 
0 with which ectopic marrow develops trom fatty reticulum. There was no 
r signifieant difference in the changes in hemoglobin values, white blood counts, 
or radioiron uptake of rats irradiated with or without shielding of ectopic 
IS harrow. No histologic evidence of increased regeneration of bone marrow or of 
r ectopic hematopoiesis was found in the shielded rats. The fact that survival was 
‘reased in the absence of evidence of increased marrow regeneration indicates 
| t survival in animals irradiated with shielding of hematopoietic tissue does 
) depend on a more rapid rate of recovery of the unshielded bone marrow. 
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PLASMA ANTITHROMBIN IN THROMBOSIS, 
AND LIVER DISEASE 
WILLIAM H. GrirritH, M.D.? 
Los ANGELES, CALIF. 


HEMORRHAGE, 


ITANGES in the antithrombin activity of plasma appear to be of some sig- 
C nificance in a number of forms of disease. Interest in this subject has been 
stimulated by reports of Kay and associates,! which indicate that a deficiency 
of antithrombin may be a faetor in the development of thrombosis, although 
several other workers** have failed to find a correlation between antithrombin 
and thrombosis. Recently, Innerfield, Angrist, and Benjamin® have reported 





that a marked increase in plasma antithrombin occurs in nearly all cases of acute 
panereatitis, and in obstructive jaundice due to carcinoma of the pancreas. 
They believe that determinations of plasma antithrombin ean be an important 
aid in the diagnosis of these conditions. 


: Beginning with Howell,® a considerable number of workers have deseribed 
methods for the quantitative determination of antithrombin. The author has 

been using a method which is a modification of the one devised by Astrup,’ and 

f whieh is suitable for clinical use. 

Ve 


METHOD AND MATERIAL 


All methods for determining antithrombin involve the addition of a known amount 
of thrombin to a known amount of plasma (or serum) and the assay of the thrombin 
remaining after suitable reaction periods. In order to eliminate loss of thrombin through 
idsorption by fibrin, fibrinogen must first be removed from the plasma, either by heating 
to 56° C., or by preliminary treatment with a small amount of thrombin. Serum has been 
sed, but there is the objection that it has been exposed to an unknown amount of throm- 
n in clotting. Klein and Seegers’ determine the maximum amount of thrombin that can 
inactivated by one milliliter of plasma, using a comparatively large amount of throm- 
n and a reaction period of two hours or more. Other methods which use only a few min- 
tes’ incubation time determine only the rate at which thrombin is inactivated under the 
iditions of the test. The rate of this reaction appears to be a satisfactory index of 
thrombin activity, or at least a practical means for comparing the activity of different 
smas., 

If relatively small quantities of thrombin are used, a system can be set up which will ¢ 
ermine the time required for about 80 per cent inactivation of the added thrombin. 
ma having a deficiency of antithrombin will require a longer incubation period for 80 
cent inactivation than normal plasma. Thus it is possible to measure antithrombin in 
stem in which only the incubation time is varied. The result can be expressed as units 
hrombin inactivated per minute for a given set of conditions. Thrombin remaining 

the period of incubation is measured by determining the clotting time of a known 

nt of added fibrinogen. 

The thrombin solution used contains twenty-five units per milliliter. Commercially 

ble bovine thrombin (Topical Thrombin, Parke, Davis & Company) proved to be 

actory in this dilution. 

‘omparisons were made with highly purified thrombin which was kindly supplied by 

alter H. Seegers. Similar results were obtained when solutions of the same potency 

used. The technique described by Ware and Seegers®? was used to compare the 

rom the Department of Internal Medicine of the Hollywood Presbyterian Hospital, Los 
. s, Calif. 
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strength of different thrombin solutions. Specially assaved thrombin was provided by 


Eugene (. Loomis of Parke, Davis & Company to be used as the standard of potency. The 


commercial product was used for the test itself. It is believed to be sufficiently constant 
to be used in routine work. 
TECHNIQUE 


Five units of thrombin (0.2 ml. of a solution containing 25 units per milliliter) are 
added to 0.2 ml. of defibrinated plasma, After an interval of exactly three minutes, 0.2 ml. 
of fibrinogen solution is added, and the time for clotting is determined, The amount of 
thrombin remaining is indicated by the clotting time of the added fibrinogen, as shown 11 
Table I. From this figure, th& number of units of thrombin, inactivated per minute by 1 
ml. of plasma, is easily calculated. If more than 1.2 units of thrombin, or less than 0.7 


units are left the procedure is repeated, using a longer or shorter incubation time. 


MATERIALS 


Dejibrinated Oxalate Plasma. $5 ml. of patient ‘s blood is added to 0.5 ml. of 0.1M 
sodium oxalate. Centrifuge and separate plasma. Remove fibrinogen by heating to exactly 
56° C. for thirty seconds and cooling quickly. Centrifuge to eliminate precipitated fibrinogen 


Thrombin Solution.—A_ stock solution containing 1,000 units per milliliter is prepared 





by dissolving the contents of one 5,000 unit vial of Bovine Topical Thrombin (Parke, Davis 
& Company) in 50 per cent glycerol and making up to exactly 5.0 milliliter. This solution is 
stable at -5° C. for several weeks. It can be divided into 1 ml. portions and stored in small 
tubes. Working solutions are made each day in distilled water without buffer. Usually 0.2 
ml. of stock solution is diluted to 8.0 ml. to provide a solution containing 25 units per mill 
liter. A further dilution is made to provide a solution having 5.0 units per milliliter to us 
in a control test. 

Fibrinogen Solution.—The Armour Laboratories’ Bovine Fibrinogen, 3 per cent sol 
tion (including citrate) in saline with imidazole buffer.9 Fibrinogen solution is freshly pri 
pared, Incubate thirty minutes at 37° C. to dissolve. Solution is stable at room temperature 
for an hour or more. 

Buffered saline—0.9 per cent NaCl $7.5 ml. 


imidazole buffer solution 2.5 ml. 


0.3 Gm. portions ot fibrinogen powder ean be stored in deep freeze to he dissolved as neede 
Stronger or weaker solutions of fibrinogen can be used if necessary to bring the clotting time 


for one unit of thrombin within the range covered by Table I. 


PROCEDURE 


Two-tenths milliliter patient’s plasma (defibrinated oxalate plasma) added rapidly 
0.2 ml, thrombin solution—25 units per milliliter. Start stop watch. Incubate at about 37° © 
Minor variations in temperature appear to have little influence on the result. In exactls 
three minutes, add quickly 0.2 ml. of fibrinogen solution. Start stop watch—determine time 
for clotting of added fibrinogen, by noting first definite fibrin formation. (Use strong side 
light and dark background. The timing of both steps can be done with one watch, by stopping 
the wateh two seconds early in the first step, and allowing a two-second interval to add th 
fibrinogen. ) 

If clotting time does not fall within range covered in table, repeat test, usi 


longer incubation time if clotting time is short, shorter incubation time if clotting time 


is long. Read the quantity of thrombin remaining, by referring to Table I. 





Express result in terms of units of thrombin inactivated per minute, by 1 n 








plasma. (No allowance for dilution with oxalate. 





Units inactivated per minute 







u = units remaining in tube 
T = ineubation time in minutes 
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TABLE I. CONTROL TEST—CLOTTING TIME FOR VARIOUS AMOUNTS OF THROMBIN, UNDER THE 
CONDITIONS OF THE INDIVIDUAL TEST 


CLOTTING TIME 
(SECONDS ) 
WITH ONE UNIT 
THROMBIN 3 14 15 16 17 


Clotting time 


of unknown Units thrombin in unknown 

11 1.2 

| 12 1.1 | rs 

- 13 1.0 ee 1.2 

14 0.92 1.0 1.1 1.1 
1B OSD 0.93 1.0 1.07 1.15 
16 0.78 OST 0.94 1.0 1.07 
17 0.81 0.87 0.93 1.00 
1S 0.81 0.86 0.92 

I 19 0.82 0.87 
20 0.83 


Procedure—0.2 ml. patient’s plasma, defibrinated. 
0.2 ml. fibrinogen solution. 
Add 0.2 ml. thrombin solution 5 units per milliliter. 
Determine time for clotting. (No incubation period. ) 





This is the time for clotting with one unit of thrombin under conditions of the test. 
ill Compensates for variations in activity of fibrinogen solution, and for minor 
) 9 variations in effectiveness of thrombin, which can oceur with different plasmas. 
Clotting time for one unit will determine which column in Table to use for final 


ealeulation. 


ré 
e TABLE II. NoRMAL VALUES OF ANTITHROMBIN, AS UNITS OF THROMBIN INACTIVATED PER 
MINUTE BY 1 ML. OF DEFIBRINATED PLASMA, WITH 25 UNITS OF THROMBIN ADDED 
RANGE NO. OF CASES 
6.0 to 6.9 u/min. 18 
120 0°79 S 
led. 8.0 to 8.9 3 
e 4.0 to 10.0 9 
Average value for 28 presumably normal adults 7.1 u/min. 
Lowest figure obtained in this group 6.0 
Highest figure 10.0 
\ 
( 
vet ly BLE III, ANTITHROMBIN IN NORMAL SERUM AND PLASMA. ANTITHROMBIN ACTIVITY 
time EXPRESSED IN TERMS OF UNITS OF THROMBIN INACTIVATED PER MINUTE, BY 1 ML. 
A PLASMA OR SERUM, WITH 25.0 UNITS OF THROMBIN ADDED (NO ALLOWANCE FOR 
DILUTION WITH ANTICOAGULANT ) 
I 5 
| the UNITS THROMBIN 
INACTIVATED 
a PER MINUTE 
‘ 
heey 1. Normal oxalate plasma 


(defibrinated) average value fen 
2. Normal serum, average value 4.9 
Di 3. Serum treated with Amberlite Resin 
TR 100. 6.5 
4. Oxalated serum (serum 4 vol. plus 1 vol. 
0.1M. sodium oxalate solution ) 6.4 


5. Al (OH), adsorbed plasma. 
(1 vol. Al [OH], cream, 9 vol. blood, 
no other anticoagulant ) 5.0 





370 


CASE NUMBER 


9 
10 
1] 
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TABLE IV. ANTITHROMBIN 


IN PATIENTS WITH 


VENOUS THROMBOSIS 


DIAGNOSIS 


Recurrent venous thrombosis, 


legs 
Venous thrombosis, arm 
Venous thrombosis, legs 
Pulmonary embolism, post 
operative 
Pulmonary embolism, post 
operative 
Thrombophlebitis, legs 


UNITS/MIN, 


ANTITHROMBIN 


6.5 
8.0 


8.0 
20.0 


8.6 


Cerebral Thrombosis 


Cerebral thrombosis 
Cerebral thrombosis 


8.0 
10.0 


Coronary Thrombosis 


Coronary thrombosis, acute 
Coronary thrombosis, acute 
Coronary thrombosis, acute 


8.0 
6.2 


QR 9 


Antithrombin as units of thrombin inactivated per minute |} 
units thrombin added. 
Patients receiving anticoagulant therapy excluded. 


[HROMBOSIS. 


REMARKS 


Small pulmonary emboli 

Plasma icteric, death in 24 
hours. No autopsy 

Splenectomy following trau 
matie rupture of spleen 

Fibrinogen 2 x normal, no 
emboli 


'y 1 ml. plasma, with 25 


A control test is run with each plasma, using one unit of thrombin and no ineubatio 


period, The incubation period is eliminated by changing the order of adding the materials 


0 » 


0.2 


add 


0 » 


Determine the time for clotting. 


ml. defibrinated oxalate plasma 


ml. fibrinogen solution 


ml. thrombin solution, 5 units per milliliter (1 unit 


This is the clotting time equivalent to one unit 


thrombin, under the exact conditions of the individual test, and will indicate the appro 


priate column in Table I to use in the final calculation. 


TABLE V. BISHYDROXYCOUMARIN PLASMA 


NUMBER OF PROTHROMBIN 
DAYS OF PER CENT ANTITHROMBIN 
CASE NUMBER TREATMENT OF NORMAI UNITS/MIN. 

] 4 15 9.2 
6 18 12.7 

7 16 13.0 

1] 30 7.4 

2 1 o0 8.0 
2 60 8.8 

3 25 10.4 

3 5 15 12.5 
S 70 13.0 

4 5 34 9.6 
> 6 10) 10.0 
6 25 40) i333 
35 45 9.6 

7 4 50 10.0 
S 15 10 7.8 
9 5 50 9,3 
10 24 10.5 

10 14 15 12.7 
11 15 12 13.5 


Prothrombin expressed as per cent of normal, Quick, one-sta 





DIAGNOSIS 


Post-partum thrombophl 
bitis 


Coronary thrombosis 


Coronary thrombosis 


Coronary thrombosis 
Coronary thrombosis 


Cerebral thrombosis 
Thrombophlebitis 
Coronary thrombosis 


Coronary thrombosis 
Coronary thrombosis 
ge method. 
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Caution.—In an occasional case a small amount of fibrinogen may remain in the plasma 
after it has been heated as directed above. This will adsorb thrombin and will result in 
an erroneously high value for antithrombin. The presence of fibrinogen can be detected 
by noting the formation of a flocculent precipitate of fibrin when thrombin is added in 
the first step of the test. It can be removed by heating the plasma again, but overheating 
is to be avoided. 

RESULTS 

Table LI shows the distribution of values found in normal individuals. 

Table 111 shows a comparison of serum and plasma. Defibrinated oxalate 
plasma has about 30 per cent greater antithrombin activity as measured by the 
present method. Part of this difference appears to have some relation to the 
presence of calcium in serum, since it is less marked if oxalate is added to serum, 
or it serum is treated with an ion exchange resin as prepared by Stefanini.'® 


TABLE VI. HEMORRHAGIC DISEASE AND MISCELLANEOUS CONDITIONS 


CASE NUMBER DIAGNOSIS ANTITHROMBIN REMARKS 

] Leukemia, acute stage 12.5 Active bleeding 

ys Hodgkin’s disease 9.5 See below 

3 Bladder hemorrhage 9.8 See below 

4 Bladder hemorrhage 6.6 See below 

5 Bladder hemorrhage 13.3 See below 

6 Purpura allergic 8.0 Plasma icteric 

7 Purpura 6.8 See below 

8 Purpura 6.6 See below 

9 Purpura 21.2 Obstruetive jaundice 

10 Purpura 12.0 See below 

1] Thrombocytopenic purpura 13.6 Platelets 9,000 
Active bleeding 

12 Hemophilia 8.2 

13 Hemophilia 7.8 

14 Hemophilia 10.1] 

15 Hemophilia 9.2 

16 Multiple myeloma 5.0 Bleeding from gums, fibrinogen 

increased 
17 Multiple myeloma 5.0 No bleeding 
18 Adhesive pericarditis 6.6 Kdema and ascites. No bleed 
ing 
19 Uterine bleeding 8.0 See below 
20 Chronic lymphatie leukemia (es No bleeding 


1. Leukemia in acute phase with bleeding. Prothrombin 40 per cent. 

2. Hodgkin’s disease with leukopenia (w.b.c. 1,200) following x-ray therapy. Was in 
recovery stage from reaction when specimen taken. 

3. Bladder hemorrhage—r.b.c. 3,500,000—platelets 210,000—prothrombin 50 per cent 
(one stage, Quick) 

+. Hematuria with no organic lesion. Platelets and prothrombin normal. No anemia. 

5. Hematuria and purpuric lesions in skin. Prothrombin 20 per cent of normal (one 
stage, Quick). r.b.e. 3,400,000—platelets 267,000. 

6. Allergic type of purpura. All clotting factors normal. 

7. Thrombocytopenic purpura. Prothrombin normal. 

8. Thrombocytopenic purpura. Prothrombin normal. 

%. Obstructive jaundice with large purpuric areas in skin, three weeks’ duration due to 

common duct disease. Platelet count, prothrombin, Lee White clotting time, and 

capillary fragility, all normal. 

Purpura, cause undetermined. Prothrombin and platelets normal. 

Multiple myeloma, bleeding from gums. Prothrombin and platelets normal. Fibrino- 

gen concentration about 2 x normal. 

Multiple myeloma, proved on bone marrow study. No bleeding. 

Excessive uterine bleeding. Receiving x-ray, postoperatively, breast and _ pelvis. 

Leukopenia 2,400 and anemia, r.b.c. 2,240,000. 
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Table IV shows antithrombin activity in patients with thrombosis. A 
deficiency has not been found in any patient with thrombosis. 

Table V shows patients under treatment with bishydroxyeoumarin. Some 
increase in antithrombin was found in most of these cases, as previously reported 
by Hurn, Barker, and Mann.!! 

Table VI shows patients with hemorrhagic diathesis, and miscellaneous con- 
ditions. Antithrombin was elevated in a few patients with abnormal bleeding, 
although there is no evidence that this was a causative factor. Four patients 
with hemophilia had normal antithrombin (the opportunity to examine plasma 
from these patients was afforded by Dr. Arnold G. Ware 

Table VII shows patients with jaundice. A wide range in antithrombin 


activity was found in this group. 
DISCUSSION 


An effort has been made to measure antithrombin specifically, as distin 
guished from the effects of heparin plus co-factor, and the adsorption of throm 
bin by fibrin. The addition of heparin to plasma, either in vivo or in vitro, 
will produce an apparent increase in antithrombin as shown by this technique 
It will also prolong the clotting time in the control test, which is made with no 
incubation period. These effects of heparin can be neutralized by a small amount 
of protamine. Antithrombin itself does not appear to be inhibited by protamine 

In the small series of cases studied, the most marked changes in plasma anti 
thrombin were noted in patients with jaundice. No definite correlation with 


TABLE VII, JAUNDICE CASES 


CASE NUMBER DIAGNOSIS \NTITHROMBIN REMARKS 
j a. Obstructive 
1 Stenosis common duct Ae bed Jaundice 4-week duration. 
Platelets, prothrombin, Le 
White, capillary fragility, 
normal 


2 Carcinoma of the lungs 12.7 Metastasis to liver 

3 Carcinoma pancreas 13:3 Surgical exploration 

j Inflammatory mass 13.3 

5 Carcinoma pancreas 23.0 High ieterus index, pos. dire 


van den Bergh. X-ray 
dence of tumor 
b. Nonobstructive 


] Catarrhal jaundice 5.5 Recovery, 6 weeks 
Pz Hepatitis 2.5 Prothrombin 25 per cent, 
3 Hepatitis 3.4 Icterus index 40. Prothror 
$5 per cent, died 
{ Hepatitis 7.0 Postoperative 
5 Aleoholie cirrhosis 6.9 
6 Aleoholie cirrhosis 1.0 Died 48 hours later 
7 Cirrhosis, nonaleoholice 10.2 Proved by biopsy 
8 Aleoholic cirrhosis 1.6 
C. Vired 0 Type T nk nown 
l Unknown 14.0 Intense jaundice 
2 Lymphosarcoma 8.0 Extensive liver involveme! 
} Cirrhosis ( ? 9,2 
4 Diabetes 13.3 Slight jaundice 
5 Obstruction ? 8.2 
6 Unknown 12:5 
» 


Carcinoma of esophagus Jaundice postoperative 


























PLASMA ANTITHROMBIN 


liver function, or the type of jaundice can be made in these few cases. Those 
with obstructive jaundice due to carcinoma of the pancreas had elevated values, 
as reported by Innerfield and associates’ but apparently an inerease can also 
occur in obstructive jaundice due to other causes. The marked deficiency of 
antithrombin found in some patients with hepatie jaundice is worthy of note. 
Patients with liver disease but without jaundice have not been examined, and 





no data are available at this time on patients with acute pancreatitis. 


SUMMARY 
A clinical method for determining antithrombin aetivity of plasma has been 
deseribed. 
With this technique, normal or elevated values for antithrombin were ob- 
tained in patients with thrombosis. 
The majority of patients under treatment with bishydroxyvcoumarin had an 
increase in antithrombin activity. 
| A few patients with hemorrhagic diathesis had elevated antithrombin values. 


"7 Patients with jaundice showed a wide range of antithrombin activity. 
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> OF THE PLASMA TRANSFUSION REACTION WITH 
ESPECIAL REFERENCE TO THE BLOOD COAGULATION SYSTEM* 


PATHOGENESIS 


Lr. Cou. WimuiAm H. Crosspy, MepicaL Corps, UNriTep States ARMY,** AND 
Mario STEFANINI, M.D.*** 
Boston, Mass. 


— and Neber’™ have recently described a reaction that occurred in 
certain susceptible patients during the transfusion of compatible whole blood 
or plasma. Chill, fever, backache, and pain in the legs were common symptoms. 
There were no allergic signs, nor was there evidence of sudden intravascular 
hemolysis that accompanies incompatible transfusions. The factor that pro- 
voked the reaction was found to be in the plasma. Red cells washed free of 
plasma could be transfused with safety, but plasma from the same blood caused 
a sharp reaction when injected intravenously in a susceptible patient. When 
the plasma was heated to 56° C. for thirty minutes, its ability to induce the 
reaction was destroyed. The plasma transfusion reaction (PTR) has been en 
countered in patients with hemolytie disease such as aequired hemolytie anemia 
with abnormal antibodies, severe pernicious anemia, sickle-cell anemia, leukemia, 
and also in patients with aplastic anemia and terminal cancer. Most of thesi 
patients had received many transfusions before one was given that induced a 
PTR, but in some this reaction occurred during the first transfusion. In thes‘ 
diseases, the occurrence of PTR is an exceptional experience occurring rarel) 
and unpredictably. In paroxysmal nocturnal hemoglobinuria, however, PTR is 
the rule. Unless the red cells are washed before transfusion a reaction follow 
almost invariably,” * an unfortunate circumstance because the disease is 1 
fractory to treatment, and many of these patients are so anemic that the) 
require repeated transfusions to prevent their becoming invalids. So far a 
we have been able to learn, the PTR in nocturnal hemoglobinuria is the san: 
sort of reaction that occurs in other forms of anemia mentioned above. Thi 
reaction, however, does not limit itself to the described subjective symptoms 
(chill, fever, backache), since, in nocturnal hemoglobinuria, a hemolytie cris! 
is an invariable sequel of PTR. Several hours after the chill hemoglobinur 
appears, and it may last two or three days. 

It has recently been shown that the plasma factor which destroys t! 
abnormal red cells in nocturnal hemoglobinuria resembles in some respec! 

*A preliminary report of this work was presented at the Annual Meeting of the Americ: 
Physiological Society, Atlantic City, N. J., March 21, 1950. 

**Hematology Department, Army Medical Service Graduate School, Walter Reed Ar! 
Medical Center, Washington, D. C. 

***The work was completed during the tenure of a Damon Runyon Senior Resear 
Fellowship, administered by the American Cancer Society. 

From the Ziskind Laboratories (Hematology Section) of the Joseph H. Pratt and t 
New England Center Hospitals and the Department of Medicine, Tufts College Medical Scho 
Received for publication, April 24, 1952. 
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accelerator globulin, one of the factors of the coagulation system. The hemolytic 
and accelerator factors are probably not identical, but in any case there 
exists a rapport between the hemolytic system in nocturnal hemoglobinuria 
and the mechanism of blood coagulation. This relationship has suggested that 
the PTR, which is hemolytie in nocturnal hemoglobinuria, might involve the 
coagulation system. It was therefore decided to investigate the behavior of 
various clotting factors during the PTR. Because of the number and complexity 
of the determinations to be made, it was impractical to depend upon fortuitous 
reactions. Patients with nocturnal hemoglobinuria react to transfusion with 
discouraging dependability. So, with the consent and cooperation of our pa- 
tients, we deliberately induced the PTR and studied the changes that occurred 
throughout its duration. 


MATERIALS AND METHODS 


The histories have already been published of the three patients with nocturnal hemo 
globinuria upon whom these investigations were carried out.19.11 The PTR was induced by 
giving transfusions of unwashed compatible red cells. Sometimes the severity of the reaction 
was mitigated by washing the red cells once or twice, a procedure insufficient to remove all 
trace of plasma protein. Several patients with other diseases, who developed unpremeditated 
PTR, were also studied in enough detail to be sure that the pattern of the reaction, excepting 
hemolysis, was similar to that observed in nocturnal hemoglobinuria. 

Serial tests of most of the known factors involved in the coagulation system were carried 
out during and after the induced transfusion reactions. Platelet counts were performed by 
the indirect method of Dameshek,® which permits simultaneous enumeration of reticulocytes. 
Red cell, white cell, and differential counts were performed with the usual techniques in blood 
obtained from a finger puncture. Capillary fragility was determined by applying negative 
pressure of 180 mm. Hg for two minutes to an area 2 em. in diameter on the volar surface 
of the forearm, two fingerbreadths below the antecubital fossa.s2 The petechiae that appeared 
within the ecirele were counted. Coagulation time was determined in glass test tubes and 
ilicone-coated test tubes at 37° C. by a modification of Lee and White method.25 Clot re- 

‘action was estimated after one hour of incubation at 37° C. on the basis of an arbitrary 
assification from 0 to 4 plus. 

We investigated the activity of various factors involved in the second stage of coagula- 

m (conversion of prothrombin to thrombin). Prothrombin activity of plasma diluted to 
per cent with deprothrombinized plasma was determined by a modification of the one- 
age method of Quick.2% The activity of plasma prothrombin conversion factor (also called 
bile factor, plasma Ac globulin and factor V) was determined by a method previously pub- 
shed.29. Serum prothrombin activity was studied by a one-stage method. Serum accelerator 
‘ivity was determined by the method of de Vries and associates.12. The deprothrombinized 
sma used in these procedures was prepared by incubating fresh normal oxalated plasma 
th triealeium phosphate gel.30 The thromboplastin was a saline suspension of acetone- 
racted human brain. It gave a prothrombin time of 10 seconds with undiluted plasma, 
twenty-one to twenty-two seconds with plasma diluted 1:10 with deprothrombinized 
sma. Plasma fibrinogen concentration was determined by a slight modification of Quick’s 
hod,22 and plasma fibrinolytic activity by an original quantitative technique.31 
Hemoglobin concentration in plasma, serum and urine was determined by Ham’s modifi- 
on!3 of the micromethod of Bing and Baker. The serum hemoglobin was measured after 
clot had been incubated in a stoppered test tube for one hour at 37° C. The difference 
veen plasma and serum hemoglobin was taken as an index of serum hemolytic activity. 
nary hemoglobin expressed as milligrams excreted per hour served as an index of hemolytic 
vity in vivo when the plasma hemoglobin concentration was above the renal threshold. 
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RESULTS 
For convenience in deseribing the sequence of events in the PTR as it 
oceurs in paroxysmal nocturnal hemoglobinuria, three phases are referred to: 
(1) ehill, (2) 


varied in different patients. 


fever, and (3) hemolytie sequel. The severity of the reaction 
In the ease of one woman who was extremely 
susceptible, several washings of the red cells with saline served only to lighten 
the attack. There were 


also unexplained changes in the sensitivity of the patients. 


As many as six washines were needed to prevent it. 
Sometimes unwashed 
This 


The patients might be 


red blood cells would induce a light reaction—sometimes a severe one. 
sort of change occurred over lone periods of time. 
extremely sensitive for many months, then for several months the sensitivity 
would disappear. We were unable to correlate the change with any improve 
ment of the patient’s general condition. During febrile illness all of the pa- 
tients seemed definitely to be more reactive. 

The PTR always began with a vague sense of apprehension, often aceom 
panied by a flash of coolness along the spine or a short-lived chill or vague 
headache. At times there was also a slight drop in body temperature and 
In a mild reaction, this was often the only clinical evidence 


The chil 


blood pressure. 
When the reaction was severe other signs and symptoms developed. 
DURING THE COURSE 0 
PAROXYSMAI 


AND PLASMA FAcTORS 
IN ONE PATIENT WITH 
HEMOGLOBINURIA 


VARIOUS BLoop 
REACTION 
NOCTURNAL 


MODIFICATIONS OF 
PLASMA TRANSFUSION 


TABLE I. 















thill at two hours. 





TIME* (HOURS) 
0 1% 21% , 6 9 24 
White cells, per cu.mm. 5,450 7,100 1,450 6,000 9,300 5,300 
Neutrophils, per cent 53 10 55 Ss 87 70 
Eosinophils, per cent 0 () 3 0) 0 ” 
Basophils, per cent 0 2 0 0 0 0) 
Lymphocytes, per cent 35 15 13 11 11 16 
Monocytes, per cent 12 13 0 1 2 12 
Nucleated red blood cells (per 1 2 Qg 1 1 1 
100 white blood cells) 
Reticulocytes, per cent 1.1 5.7 72 5.2 20 ( 
Platelets, per cusmm. (x 1,000 160 10 89 154.5 194 172 
Coagulation time (minutes) 
glass test tubes g SI, 5 7 11 10 10 
Silicone-coated tubes 95 24 14 2] 29 o7 oy 
Prothrombin activity, per cent 
plasma 100 90) 95 72 85 100 Q\ 
serum 2 4 5 6 i) 10 R 
Activity of plasma prothrombin 100 100 135 90) 100 100 97 
conversion factor (labile fac- 
tor), per cent 
Serum accelerator (per cent 110 100 98 105 56 42 4 
acceleration ) 
Plasma fibrinogen (mg. per 432 103 9] 107 $62 134 
100 ml.) 
Fibrinolytic activity of plasma 4 27 81 Q4 12 9 
(per cent ) 
Hemoglobin 
plasma (mg. per 100 ml.) 115 100 105 92 101 120 19 
serum (mg. per 100 ml.) 248 268 384 213 174 632 37 
urine (mg. per hour) 50 6 20 0 3 12 3( 
he transfusion was begun at time 0 and completed in one hour. There was a shak 
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liness beeame a shaking chill and the temperature might rise as high as 103° F. 
The patients complained bitterly of abdominal pain, and borborygmi were audi- 
ble. Nausea and vomiting oceurred frequently. In the most severe reactions 
observed by us, there was diarrhea with guaiac-positive stools. Headache was 
the rule and it was often severe.* At the peak of a moderate or severe reaction 





eyanosis usually appeared and one patient always developed a dry troublesome 
cough. After the chill, and as the fever abated, the severe symptoms subsided, 
but for several hours the patients felt ill and shaken and complained of headache 
and abdominal pain. This pattern of PTR was uniform in all patients. The 
hemolytic phase of the reaction occurred only in nocturnal hemoglobinuria. 


HEMOLYSIS 
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Fig. 1.—The curves represent the relation in time and intensity of the components of 
he plasma transfusion reaction. The ordinate is not calibrated, for the changes shown are 
nly approximations based upon the experience with numerous reactions. For each curve the 
lateau at the left end is the base line for that curve and its distance from the abscissa is 
ithout significance. 
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uring the phase of chill and fever, the hemolytic process of this disease was 

temporarily less active and hemoglobinuria, if present, disappeared (Fig. 1). 
\fter several hours and without subjective symptoms hemolytic activity would 
ecommence, grow gradually more intense and might remain critically active 
yr several days with hemoglobinuria day and night. 

The laboratory findings presented in this paper were those observed in 
TR of moderate severity. The results of a characteristic experiment are 
iown in Table I, and all of the results are summarized graphically in Fig. 1. 

*Abdominal pain and headache should not be regarded lightly in nocturnal hemoglo- 
nuria. Mesenteric thrombosis has been found at operation in patients complaining of severe 
dominal pain. Severe headache has, at times, heralded the onset of hemiplegia. One of the 
tients studied in this investigation developed right hemiplegia in 1944 following a plasma 


iction to transfused whole blood. Another patient of this series died recently with 
romboses involving the splenic, portal, hepatic, and superior mesenteric veins. 
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The platelet count dropped at the time of the first vague chilly sensation. 
The reduction was rather pronounced, the platelet level falling from 150,000 
to about 40,000 per cubic millimeter. The initial figure is low because patients 
with nocturnal hemoglobinuria ordinarily have a low platelet count. On dry 
smears taken at the time of the rapid drop the platelets showed a definite 
tendeney to form rather tight little clumps. The clumps were not noted in 
wet preparations, probably because the blood was diluted with a solution con- 
taining sodium citrate. The platelet count recovered rapidly after the sub- 
sidence of chill and fever. The presence of giant platelets, 5 to 8 » in diameter, 
was observed at this time. No changes in capillary fragility were demonstrated 
except on one occasion when the patient initially had a marked thrombocytopenia 
(50,000 platelets per cubic millimeter). The test done before transfusion pro- 
dueed 15 petechiae, evidence of slightly increased capillary fragility. After the 
onset of the febrile reaction the test was repeated and only four petechiae ap- 
peared. It is interesting that capillary resistance increased in spite of a further 
sharp decline in the number of circulating platelets. 

Coagulation time was consistently shortened during the chill. As the pa- 
tient recovered, the coagulation time returned to its original level and then be- 
came slightly prolonged so that clotting times up to eighteen minutes in glass 
test tubes were observed shortly after the rigor had subsided. In eases of par- 
ticularly severe hemolytic reaction, the coagulation time was found to be still 
prolonged after twenty-four hours. The changes of clotting time in silicone- 
coated tubes were exaggerations of the pattern observed in ordinary glass test 
tubes. 

Plasma prothrombin activity was moderately decreased during the febrile 
reaction. Values dropped from 100 per cent of normal to 90, 70, or 50 per cent, 
hut quickly returned to the original level after the febrile phase had passed 
During severe hemolytie sequelae the prothrombin time was sometimes pro 
longed. When oxalated plasma taken during this phase of the reaction was 
incubated at 4° C. for several hours, the previously delayed prothrombin time 
was found to have become normal. Plasma prothrombin activity was complete) 
unchanged during mild PTR. 

Serum prothrombin activity is regarded as an indirect index of prothrombit 
consumption during coagulation.*° After the chill there was a constant gradua 
increase of serum prothrombin activity which suggested that a slight impairmer 


of prothrombin consumption was developing during recovery from the febri 


phase of the PTR. 

The activity of prothrombin conversion factor (plasma Ae globulin, facet 
V, labile factor, proaccelerin, ete.) often increased slightly from 100 to 110-11 
per cent of normal activity during the height of the febrile reaction. On t 
occasion deseribed in Table I, it went as high as 135 per cent. The increase | 
activity coincided with the shortening of the clotting time and it always su 
sided rapidly. 

Serum accelerator activity did not vary to any great extent during t 
febrile reaction, but declined markedly as the hemolytic phase set in. It 
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interesting that sera collected during the hemolytic reaction, if ineubated at 
4° ©., showed a gradual inerease of accelerator activity. In the experiment 
presented in Table I, the serum collected four and one-half hours after the 
completion of the transfusion had an accelerator activity of 56 per cent at that 
time. After an hour at 4° C. the accelerator activity was found to be 84 per cent, 
and it was 150 per cent after eighteen hours. The prothrombin activity of the 
same serum was 4.5 per cent immediately after separation from the clot. It was 
unchanged after one hour, and was 6.5 per cent after eighteen hours. 

Plasma fibrinogen concentration decreased during the febrile reaction. It 
was suspected that a large part of the apparent loss was due to increased fibrino- 
lvtie activity of the plasma and occurred after calcium had been added to the 
plasma to convert all fibrinogen to fibrin. Therefore, the rate of fibrinolysis in 
vitro was established and extrapolation of values showed that the loss of fibrin 
was not all artefactual. Somewhat less than half of the recorded decrease in 
fibrinogen probably oceurred in vivo, the rest while the test was being performed. 
Our earlier statement* that plasma fibrinogen was halved during the PTR was 
excessive since our interpretation did not allow for the fibrinolytie activity of 
serum in vitro. As much as half of the total fibrinogen was destroyed in vivo 
during the PTR. A patient whose plasma volume is approximately 3,000 ml. 
and whose initial fibrinogen concentration is 400 milligrams per 100 ml. has a 
total fibrinogen of 12 grams. During a moderate PTR the loss of this protein 
from the cireulation may amount to about 5 grams. 

Plasma fibrinolytic activity usually appeared at the time of the chill and 
rapidly inereased. It persisted during the febrile phase and faded at the onset 
of the hemolytie reaction. At the height of this activity, a quantitative tech- 
nique demonstrated that over 90 per cent of the fibrin was lysed within two 
hours. Blood clots that had formed spontaneously in vitro collapsed after thirty 
to sixty minutes of ineubation at 37° C. 

Clot retraction was usually poor during the febrile phase. This corresponded 
with the fall in platelet count and also with development of plasma fibrinolytic 
activity. During the fibrinolytic reaction clots would often disappear before 
‘etraction had become complete. 

Plasma hemoglobin concentration, always abnormally high in nocturnal 
iemoglobinuria, presents a characteristic nocturnal-diurnal rhythm in that dis- 

ase. The plasma hemoglobin level rises during sleep sometimes high enough to 
‘ause ‘‘nocturnal’’ hemoglobinuria and falls rather rapidly after the patient 
wakes. In this disease, therefore, the daily fluctuations of the plasma hemo- 
‘lobin must be taken into account. Prior to transfusion, serial studies of the 
lasma hemoglobin level in our patients were conducted for several days and 
ghts. Comparison of these results with those obtained on the day of the 
ansfusion showed that the changes associated with the PTR were not related 

the noecturnal-diurnal rhythm. At the onset of the PTR febrile phase, plasma 
‘moglobin level fell and hemolytic activity remained low for several hours. 
‘uring severe reactions the plasma hemoglobin level would rise for a short time 
ter the initial drop, usually during the shaking chill. In all cases a marked 
‘vation of the plasma hemoglobin occurred later, at the onset of the hemolytic 
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phase (Fig. 1). No variations in the plasma hemoglobin concentration were 
noted when our patients with nocturnal hemoglobinuria were transfused with 
saline-washed red cells, thereby avoiding the PTR. 

The serum hemoglobin concentration usually fell during the febrile reac- 
tion and rose, often steeply, after the hemolytie phase began. During the 
temporary elevation of plasma hemoglobin, often noted with the shaking chill, 
the serum hemoglobin showed a similar but more pronounced peak. 

The urinary hemoglobin, in milligrams per hour, followed closely the varia 
tions of plasma and serum hemoglobin. We considered this to be the most ae 
curate indicator of the variations of hemolysis in vivo, but, of course, it was 
available only when the hemolytie reaction was severe enough to bring the plasma 
hemoglobin concentration above the renal threshold. In general, the hemoglobin 
determinations in plasma, serum, and urine paralleled one another in a most 
satisfactory manner. 

The white cell count rose slightly at the onset of the PTR only to fal! 
precipitately during the chill. All types of white cells were involved in this fall, 
hut the monocytes seemed to be especially susceptible. During recovery from 
the febrile phase leukocytosis developed, almost entirely due to reappearance o| 
neutrophils. The number of monocytes and lymphocytes remained low for at 
least 24 hours after the onset of the reaction. At the beginning of the febrile 
episode, numerous smudge cells were observed on dry smears. 

Nucleated Red Cells and Reticulocytes.—The patient whose reaction is 
illustrated in the table had undergone splenectomy ten years previously. One o1 
two nucleated red cells could usually be found in his peripheral blood. Thi 
febrile reaction in this patient was accompanied by elevation of the number 0! 
reticulocytes and nucleated red cells and the appearance of basophilic erythro 
blasts. The reticulocytes and nucleated red cells disappeared as the feve! 


dropped and the hemolytic phase began. 


DISCUSSION 


1. Changes in Coagulability of the Blood During PTR.—At first glance | 
seems paradoxical that the coagulation time of the blood should be shorten 
during the chill for, at this time, the platelets, prothrombin, and fibrinogen a 
had markedly decreased. Further evidence of hypercoagulability is found 
the results of the test for the plasma prothrombin conversion factor (labi 
factor). During the chill, the results of this test indicated an apparent increa 
of activity from the normal 100 per cent to as much as 135 per cent. It cann 
be concluded from such results that labile factor is actually increased. Althoug 
a deficiency of this factor prolongs the clotting time of plasma in the test, 
does not follow that an excess will cause coagulation in a shorter time. Inde 
if an excess of the factor is artificially added to the test in vitro the clotti 
time is not shortened beyond that point which represents 100 per cent of activit 
In the present instance, the apparent increase of labile factor activity must 
due to the intrusion of some other agent which is able to hasten clotting, perha 
the same agent that shortens the coagulation time of whole blood. 
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The fall in the platelet count and the loss of prothrombin activity and 
fibrinogen from circulating blood could also be regarded as signs of increased 
coagulability. There would seem to occur an attempt at intravascular coagula- 
tion. One might postulate that the PTR induces platelet injury. The platelets, 
hy agglutinating and disintegrating, form thromboplastin. If this reaetion were 
of sufficient amplitude and velocity it would overcome the safeguards of the 
coagulation system and thrombin would be formed and, finally, fibrin. The 
results of such activity would appear in our battery tests as a drop in platelet 
count followed by decreased prothrombin activity and diminished fibrinogen 
concentration (prothrombin and fibrinogen being consumed during the coagula- 
tion of blood) all associated with increased blood coagulabilitv. This actually oe- 
curred in our patients. These suggestions find support in the work of Landois.'® 
In dogs that died as a consequence of transfusions of heterologous blood, he 
found that blood vessels were blocked with fibrin emboli and ante mortem clots. 
If the PTR involves a similar attempt at intravascular coagulation, it is a com- 
paratively mild one and reversible. Fibrinolysin appears to destroy the fibrin 
that has been formed, and soon afterward, the coagulation time becomes pro- 
longed beyond the normal. This hypocoagulability suggests the appearance of an 
anticoagulant. In other types of hemoclastie reaction heparin has been shown 
to be present.'* 7! 

The possibility that a general injury of the circulating platelets may act as 
a trigger mechanism for an attempt at intravascular coagulation is not fantastic 
since Tocantins** produced severe hemoclastice reactions in rabbits by injection 
of antiplatelet sera. It may be that the platelets in noeturnal hemoglobinuria 
are exceptionally sensitive’ and, as a consequence, patients are prone to develop 
PTR. 

2. The Fibrinolytic Reaction—F ibrinolysin exists in plasma as an inert 
proenzyme. Fibrinolytie activity occasionally appears in vivo after injection of 
idrenalin or during emotional stress,'* and it has been postulated that activation 

fibrinolysin is one facet of the ‘‘alarm reaction’’ of Selye. The appearance of 
rinolytie activity is an outstanding phenomenon not only of the PTR but of 
| “‘hemoclastie reactions’? and, indeed, of many sorts of severe tissue injury, 
ice many tissues contain the activator of fibrinolysin, fibrinokinase. The lung 
pears to be an especially fertile source of this activator.** Soulier and asso- 
ites?’ have reported a series of cases in which a devastating increase in 
rinolytie activity occurred during pulmonary surgery and caused uncon- 
lable hemorrhage. There is no evidence to suggest that the lung is the source 
fibrinolytie activity in PTR, but it may be. The leukocytes that disappear 
in the blood during hemoclastie reactions are presumably taken up by the 
ig. Andrewes' induced an acute leukopenia by injecting tubereulin into 
mal rabbits and found that pulmonary capillaries were filled with white cells. 
cently, Weisberger and associates,*° using leukocytes tagged with radio- 
sphorus, have shown that the lung rapidly removes most of the transfused 
ite cells from the blood together with a fair proportion of native white cells. 
ring PTR the lung is probably removing injured leukocytes and it may also 
bombarded by platelet emboli and shreds of fibrin, as many of the platelets 
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ce 


consumed ’’ 


disappear from the circulation and perhaps 5 Gm. of fibrinogen are 
intravascularly during a moderate PTR. Injury of the lung may explain the 
appearance in the blood of a powerful activator of fibrinolysin. Blocking of 
pulmonary eapillaries may also explain the cyanosis and the troublesome dry 
eough that developed in our patients. 

3. The Involvement of Other Organs in PTR.—Bone Marrow: The shower 
of reticuloeytes and nucleated red cells into the peripheral blood could be re 
verded as evidence of bone marrow involvement. It is interesting to note that 
the immature red cells appear at the time of the chill when platelets and white 
cells are being swept from circulation and before the replacement of these other 
elements has begun. The reticulocytes and nucleated red cells of the paroxysm 
disappear rapidly. They are gone within several hours—not because they become 
mature in that short time, but probably because they are exeeptionally fragile 

The reason for the bone marrow involvement is not clear. Perhaps it is 
related to the cyanosis that develops. Alternatively, the reaction may be due to 
the lodging of emboli composed of fibrin or platelets in the capillaries of the 
marrow. 

The portal system: In Landois’® dogs that died after transfusion with 
heterologous blood, hyalin emboli and ante mortem clots were found in the 
intestinal mesentery. These dogs, before they died, developed hyperperistalsis 
and bloody diarrhea. In PTR the same mechanism—reversible in this case 
may have caused the abdominal pain, borborygmi and diarrhea that developed 
in our patients. 

The central nervous system: The headaches, chills, and fever may also hav 
been due to tiny emboli which obstructed the capillaries of various parts of the 
central nervous system. 

All of these signs and symptoms indicate that a widespread injury has 
oceurred involving many of the organs of the body. 

4. The Hemolytic Crisis—Only in nocturnal hemoglobinuria have we « 
served a hemolytic crisis as a sequel to the PTR. The hemolytic process involves 
the erythrocytes of the patient and not those of the donor. The erythrocyte in 
nocturnal hemoglobinuria is abnormal in that it is susceptible to hemolysis by a 
normal component of human plasma. The plasma factor may be activated in 
vitro by thrombin, thromboplastin, platelet materials, and dilute heparin.® in 
vivo, its activity is usually slight but enough to cause a chronic hemolysis of 1 \¢ 
defective red cells of nocturnal hemoglobinuria. Intense activity develops d 
ing the hemolytic crises that are precipitated by infection, physical injury, 0° 
the PTR. 

During the phase of chill and fever in PTR, the chronic hemolytic activ ') 
of nocturnal hemoglobinuria is temporarily inhibited (Fig. 1). If he 
globinuria were present when the reaction began it now stops. The plasma he) 0- 
globin falls and the serum hemolytie¢ activity is diminished. The reason for — !s 
is not known, but it may be significant that the period of inhibition always ¢ 
cides with the period of inereased fibrinolytic activity. Injection of adren 
which activates fibrinolysin is also able to inhibit, for a short time, the hemo 
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in nocturnal hemoglobinuria.*® The parallel appears to be significant although 
one cannot conclude that fibrinolysin blocks this hemolytie reaction. During a 
severe PTR, the period of inhibited hemolysis is interrupted by a short, sharp 
hemolytie reaction at the time of the shaking chill (Fig. 1). The pathogenesis 
of this flurry of activity was not studied. 

As the fever subsides the reaction in patients with nocturnal hemoglobinuria 
enters a hemolytie phase. Plasma hemoglobin rises, hemoglobin appears in the 
urine and the hemolytie activity of the serum becomes exceptionally destructive. 
At the same time, tests for the coagulation factors demonstrate a minor degree 
of inhibition. Prothrombin consumption is slightly, but consistently, inhibited 
and serum accelerator activity is definitely reduced. Yet, if the serum is in- 
cubated at 4° C., accelerator activity gradually appears as though it had been 
masked. The presence of a heparinlike substance in the blood during this phase 
of the reaction is suspected. Although it has not been demonstrated in the 
PTR, heparin is known to appear in other types of hemoclastie reaction." 

dD. The Significance of Plasma Transfusion Reaction —Dameshek and Neber"' 
postulated that the PTR was due to the activity of a heat-labile factor present 
in normal human plasma. They found no immune antibody to account for the 
reaction, a circumstance that had been noted earlier by Dacie.6. The unknown 
plasma factor acts on the blood of the susceptible patient to produce a series of 
changes which are characteristic of the PTR. While most of these involve the 
coagulation mechanism, there are others which are also noteworthy. Leukopenia 
develops, there is a reticulocyte shower, and, in nocturnal hemoglobinuria, the 
hemolytic system is profoundingly modified. Clinical signs include fever, 
cyanosis, and hyperperistalsis. A similar pattern of reactions may be touched 
off by a number of noxious stimuli, either in normal human beings and animals, 
or in especially sensitized subjects. Thus, an injection of peptone or typhoid 
bacilli or the transfusion of incompatible blood ean produce this reaction pattern 
in any human being or animal. The anaphylactie shock that oceurs when an anti- 
ven is injected into an immunized animal is accompanied by the same changes 

it we have described for PTR. The injection of saecharated iron oxide, innocu- 
ols for most people, may produce this reaction in certain sensitive patients.’ The 
roxysms of cold hemoglobinuria are accompanied by changes indistinguishable 
i those of PTR. In the past, many of the characteristic features of PTR 
e been described in association with a variety of reactions. Silbermann* 
noled leukopenia during reactions to transfusions of incompatible blood and also 
(ring the paroxysms of cold hemoglobinuria. Pratt?® deseribed thrombocy- 
tovenia during peptone shock. Civaleri* found marked leukopenia in rabbits 
(ing anaphylactie shock and observed a shower of reticulocytes and nucleated 
re cells during the paroxysm of the reaction. More recently, Young and as- 
ites’> have reported hypoprothrombinemia and leukopenia in dogs trans- 
fu-cd with incompatible blood or plasma. Hypoprothrombinemia had been pre- 
sly noted in the course of anaphylactic reactions,*’? and it has also been 
rved in peptone shock.'® A most complete investigation of this type of reac- 
tio was conducted by Widal, Abrami, and Brissaud*’ on patients with paroxys- 
cold hemoglobinuria. The reaction they described was almost identica] to 
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that reported in this communication. During the patient’s chill, the clotting 
time grew short, recovered, and then became prolonged. The plasma developed 
fibrinolytie activity. Clot retraction was impaired, and there was a sharp fall 
in the leukocyte count. Widal and co-workers recognized that the reaction was 
similar to that observed in anaphylactie and peptone shock. Because it involved 
profound disturbances in the plasma protein they suggested that it be called a 
colloidoclastic reaction or, because the formed elements of the blood were also 
involved, a hemoclastic reaction. Many other findings have been reported in the 
course of a hemoclastie reaction. Thus a drop of hemolytic complement activity 
occurs after injection of antigens in sensitized animals,'® 75 and after paroxysms 
of cold hemoglobinuria in man.'® The hemoclastic reaction due to peptone o1 
reinjection of antigen is accompanied by release of heparin and histamine.* 
Antifibrinolysin is reduced during peptone shock.'® 

It is difficult to eseape the conclusion that the pattern of the PTR is entirely 
nonspecific, and an expression of the effect of many entirely unrelated stimuli 
Even in paroxysmal nocturnal hemoglobinuria, patients have developed hemo 
clastic reactions not only from plasma but from injections of pooled serum, 
peptone, milk, Evans Blue, nitrogen mustard, sodium lactate, arsphenamine, 


liver extraet, and many other chemical and biological materials. 


SUMMARY 





AND CONCLUSIONS 


The plasma transfusion reaction (PTR), deseribed by Dameshek and 


} 
{ 


Neber,’' occurs when susceptible patients are transfused with compatible blood 
They develop chills, fever, cyanosis, intestinal hyperperistalsis, and pains in 
various parts. This reaction is encountered in hemolytic diseases, termina! 
cancer and in paroxysmal nocturnal hemoglobinuria when the reaction is always 
followed by a hemolytie crisis. The PTR is evoked by a heat-labile plasma facto! 

Injection of plasma alone can induce it, but red cells washed free of plasma ma 

be transfused with impunity. The plasma factor has not been identified. 


t. 


PTR was induced in three patients with nocturnal hemoglobinuria. Vari 
factors were studied. At the time of the chill, the blood became hypercoagula) le 
although platelet count, prothrombin activity, and fibrinogen concentratio! 


were, at the same time, much reduced, suggesting that a generalized attempt 
intravascular coagulation occurred during this phase. Thereafter, intense 
fibrinolytic activity rapidly developed in the plasma. An unidentified anti- 
coagulant activity appeared. 

The symptoms of the PTR may be due to embolism. During the prelimin:'y 
phase of the reaction, the majority of the leukocytes and platelets are swept out 
of the circulation and about half of the fibrinogen disappears. The white ¢ ‘Is 
are probably removed by the lungs. Emboli composed of platelets or fibrin 1. 2) 
be responsible for the various clinical symptoms such as diarrhea, headache, + id 
abdominal pain. Small emboli, by injuring the bone marrow, may also b¢ 


sponsible for the shower of reticulocytes and nucleated red cells which is a ~ 
ciated with the PTR. The same reaction in the lung may explain the appears \ce 
of intense fibrinolytic activity in the plasma. 















d 
| 


4) 


le 


I 


li 











PATHOGENESIS OF PLASMA TRANSFUSION REACTION 





PTR is nonspecific. The same pattern of changes which we have described 


has been found during anaphylactic and peptone shock, incompatible trans- 


fusion, and the intravenous administration of foreign proteins such as tubereulin 


and typhoid bacilli. It occurs following the injection of iron compounds in 


susceptible people and during the hemolytic paroxysms of cold hemoglobinuria, 


favism and blackwater fever. This pattern has been described as a colloidoclastie 


or hemoclastie reaction. 
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THE EFFECT OF NITROGEN MUSTARD (BIS-8-CHLOROETHYL 
AMINE) ON LIVER FUNCTION AND STRUCTURE IN 
PATIENTS WITH NEOPLASTIC DISEASE* 

HyMAN J. ZIMMERMAN, M.D., Omanwa, Nes., Louis K. ALPERT, M.D., AND 
JOHN S. Hower, M.D., WASHINGTON, D. C. 


HE administration of a cytotoxic material such as nitrogen mustard might 

be expected to result in liver damage. This is an especially important econ- 
sideration, since this agent is used in patients who may be severely ill and who 
frequently show impairment of liver function. Indeed, Damashek, Weisfuse, 
and Stein? have recommended that nitrogen mustard not be administered to 
patients who have ‘‘ jaundice indicating some degree of hepatic dysfunction.’ 

In order to evaluate the effect of nitrogen mustard on the liver, studies 
were made of liver function and structure before and after the administration 
of this agent to a group of patients with neoplastic diseases. 


METHODS AND PROCEDURE 


Fifteen patients with miscellaneous neoplastic diseases were included in this study 
Table 1). All received nitrogen mustard according to the conventional plan of four daily 
administrations of 0.1 mg. per kilogram of body weight intravenously. 

In all fifteen patients tests of liver function were performed one or two days before 
the administration of the nitrogen mustard and three to six days after completion of therapy. 
lhe procedures used included the bromsulfalein excretion (5 mg. of dye per kilogram of 

dy weight, with the estimation of retention at forty-five minutes), the thymol turbidity 
test, and the cephalin-cholesterol flocculation. In four patients specimens of the liver for 
istologic examination were obtained by the needle biopsy technique. In G. A., W. W., H. C., 
nd L. P. the specimens were obtained on the day before the beginning, and three days after 
‘ completion of therapy. 
RESULTS 
Ten of the fifteen patients initially showed an abnormal degree of brom- 
falein retention, and in all of these the degree of abnormality became less 
ter treatment with nitrogen mustard. Two of these patients were jaundiced 
tore the administration of nitrogen mustard. W. W., a patient with reticu- 
u-cell sarcoma, whose biopsy specimen showed sarcomatous infiltration of 
liver, had 5.5 mg. of bilirubin per 100 ml. of serum before treatment and 
mg. per 100 ml. after treatment. Similarly, L. P., who had lymphocytic 
kemia with leukemic infiltration of the liver 


, exhibited a decrease in serum 


» 


rubin from 3.7 mg. per 100 ml. before treatment to 1.5 mg. per 100 ml. after 
rapy with nitrogen mustard. 
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TABLE [. Srupies or Liver FUNCTION IN PATIENTS WITH NEOPLASTIC DISEASI 
BEFORE AND AFTER NITROGEN MUSTARD THERAPY 


LIVER FUNCTION STUDIES 













BEFORE HN, THERAPY AFTER HN, THERAPY 
BSP. TOTAL BSP. 
(PER SERUM (PER 
PATIENT DIAGNOSIS CENT won. C.F. BILIRUBIN CENT ) pipe i C.F. BILIRUBIS 
H. M. | Hodgkin’s disease { 0.4 0 0.5 (0) 0.5 0 0.5 
ae Hodgkin’s disease 12 () 0.5 S 0 
H. G. Hodgkin’s disease 4 > 7 0) 3 1.6 0) 
E. B. Hodgkin’s disease 10 1.1 { 9 6 1] { 0.35 
R. W. Hodgkin’s disease 5 l ) l 
D, FP. Hodgkin’s disease 15 0.5 0) 0.6 6 0.4 0 0.3 
M. M. Granulocytic | 2 1 l S 1.S c 
leukemia 
<5. Lymphoeytic 10 1.4 3 0.5 X 1.0 3 0.6 
leukemia 
LL. P. | Lymphosarecoma 38 2.0 l a7 26 ot 0 1.5 
R. B. Giant follicular 12 2.0 l 5 2.0 | _ 
lymphoma 
W. W. | Reticulum-cell 42 29 0) 5.5 25 7 24 2.7 
sarcoma 
G. A. Bronchogenic 0 5.0 l 0 1.0) l = 
eareinoma 
KF. P. Bronchogenic 9 1.6 3 2 2.0 
carcinoma 
CG. P. Bronchogenie 15 0.4 0 0.7 1] 0.5 l 0.3 
carcinoma 
H. M.  Bronchogenie 12 1.0 l 6 5.0 34 ~ 





carcinoma 







Of the remaining five patients who initially had normal bromsulfalein 





excretions, all but one showed no significant change. This patient (M. M 






showed an increase of dye retention from 4 to 8 per cent. 






The flocculation tests in this group were normal, or only slightly abnormal, 
J : : 





before treatment, and no significant changes were noted after treatment. 





Of the four patients in whom histologic studies were performed, the th 





with lvmphomas were found to have lyvmphomatous infiltration of the live 





while the one with carcinoma showed no malignant involvement of the liv: 





in the biopsy specimen. In none of the patients in this group was there al 





significant difference between the pre- and post-treatment specimens. Thi 





was neither evidence of damage to the liver cells, nor decrease in the degre 





Ivmphomatous infiltration. 





DISCUSSION 










In a wide personal experience with the use of nitrogen mustard,’ 
clinieal evidence of liver damage has been noted. Damashek and his associat 





however, have reported aggravation of liver dysfunction in several patients, °s 





well as the finding of miliary foci of necrosis in the livers of three patients dy1 2 





between nine and nineteen days after the completion of therapy. They « 
cluded that ‘‘the only definite contraindication to the use of HN» is the prese: '¢ 






ot jaundice indicating some degree of hepatic dysfunction.’ 





Our observations are at variance with the data recorded by Damas. k 






and associates. In the patients who showed impairment of liver funet 






initially, there was a consistent decrease in the degree of abnormality. 
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significant deterioration of liver function occurred in any of the patients 
studied. Furthermore, in the two patients with clinical jaundice, the degree 
of icterus decreased and the liver function tests improved after treatment. 
In the sections of liver tissue obtained from four patients before and after treat- 
ment with nitrogen mustard, no change in the liver parenchyma could be seen. 
Graef and his associates’ reported only minimal fatty metamorphosis of the 
liver in animals receiving nitrogen mustard. 

The present study, therefore, would seem to corroborate the elinieal im- 
pression of lack of toxicity of nitrogen mustard for the liver, and would sug- 
gest that, when hepatie function is impaired in lymphomas due to infiltration 
of the liver, improvement may be anticipated following the administration of 
nitrogen mustard. 

SUMMARY AND CONCLUSIONS 

The effect of nitrogen mustard on liver function and strueture was evalu- 
ated in a group of patients with neoplastic diseases. Of fifteen patients studied, 
ten showed improvement in liver function, five no change, and one mild aggra- 





vation. No significant histologie changes followine the administration of 
nitrogen mustard were noted in the patients studied by needle biopsy. It is 
coneluded that the impairment of liver function frequently seen in lymphomas 
is not a contraindication to the use of nitrogen mustard, 
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CARDIOPULMONARY STUDIES IN PATIENTS WITH 
MITRAL STENOSIS 
I. CARDIOVASCULAR DyNAMICS 


G. Minuer, M.D., H. Goupperc, M.D., E. 1. Evispera, M.D., G@. L. SNiper, M.D... 
M. Toor, M.D., anp L. N. Katz, M.D. 
CHICAGO, ILL. 


LTHOUGH a number of earlier attempts at surgical correction of mitral 
valve deformities were made,’ it is only reeently that mitral valve 
surgery has become sufficiently successful to be widely adopted.**S A knowledge 
of the cardiovascular and pulmonary alterations associated with mitral stenosis 
is of considerable importance in understanding the disease and in aiding in 
the selection of suitable candidates for surgery. 


Several reports have appeared®'® dealing with cardiovascular findings 
in mitral stenosis. In view of the importance of these observations, additional! 


studies on the cardiopulmonary function of patients with mitral stenosis wer 


considered desirable. The present report deals with the cardiovascular dynamics 


of patients with mitral stenosis at rest and during exercise. 


MATERIAL AND METHODS 


Twenty patients who had rheumatic heart disease with mitral stenosis as the predon 
nant valvular lesion were studied. The diagnosis of mitral stenosis was based on the crite: 
of the New York Heart Association.2° All patients had an apical diastolic murmur. Tl 
was the only murmur heard in eight patients (Nos. 2, 5, 7, 8, 12, 138, 15, and 17), while twelt 
patients had an apical systolic murmur in addition (Nos. 1, 3, 4, 6, 9, 10, 11, 14, 16, 18, 
and 20). Of the 12 patients with an apical systolic murmur, 4 had left ventricular en’arg 
ment; however, each of them also had concomitant aortic insufficiency. \ total of 6 patie 

Nos. 4, 6, 16, 18, 19, and 20) had aortic insufficiency, and all but 2 of these (Nos. 16 and I+ 
had slight to moderate left ventricular enlargement. 

Right heart catheterization was performed with each patient in the postabsorpt 
state. The catheter (single or double lumen) was passed into the pulmonary artery. 
some cases it was then advanced into the peripheral lung field where a resting ‘‘ pulmon: 
venous capillary’’ (‘‘PVC’’) pressure was recorded.24, 25 In attempting to record ‘* PV! 
pressures far out in the pulmonary arterial tree, one frequently obtains damped pulmon: 
artery pressure curves. Although one may be able with suction to draw a blood san 
fully saturated with oxygen at such a site, this cannot be considered as adequate evidé 
in any particular case that the pressure recorded without the suction at the same site 
‘*PVC’’ pressure. If the vessel is incompletely occluded by the catheter during any p! 
of the cardiae cycle, the pressure will not be truly ‘‘PVC,’’ but may represent a mixturé 
both pulmonary artery and ‘‘PVC’’ pressures. At the present time, we consider a press 
curve, taken in a peripheral pulmonary artery, to be representative of the ‘‘PVC’’ pres 
only when the curve recorded shows multiple oscillations in diastole as well as systole, 
no evidence of damping, and does not resemble a pulmonary artery pressure curve. 
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Afterward, the catheter was withdrawn to the main pulmonary artery or near the 
bifureation of the main pulmonary artery. After waiting for stabilization of the patient's 
pulse and respirations, the resting cardiac output was obtained. Expired air was collected 
in a Tissot spirometer for a five-minute period, and resting pressures were obtained during 
this time. Brachial artery blood samples and pressures were obtained through an indwelling 
arterial needle. Simultaneous samples from the brachial artery and pulmonary artery were 
taken during the third minute of the resting gas collection. Following the resting period, 
exercise was performed for five minutes (except for patients 5 and 14 who exercised for 
three minutes, and patient 1 who exercised for six minutes) in the recumbent position b) 
pedaling a bieyele wheel (pedal radius, 8 em.; wheel radius, 28 em.) at a steady rate of 
approximate'y 80 turns a minute against a fixed resistance of 500 Gm. Blood samples 
and pressures were obtained during the fourth and fifth minutes of the exercise period. 
Expired gases were collected in Douglas bags during the first, second and third, and fourth 
and fifth minutes of the exercise, as well as during the first and last four minutes of a 
five-minute recovery period. The oxygen consumption during the last two minutes of exercise 
was used in calculating the ‘‘exercise cardiac output.’ ’S4 

The zero level for all pressures was taken as 5 em. below the angle of Louis. Pressures 
were taken with capacitance type electromanometers* recording on a direct-writing polyoscil 
lograph.* Mean pressures were obtained by electrical or planimetrie integration. The pres 


sure recordings were calibrated with a mercury manometer. Expired air samples were 


analyzed for carbon dioxide on the Haldane-Henderson apparatus and for oxygen On the 


Pauling analyzer. The volume of oxygen consumed is expressed as dry gas at 0° C. and 
760 mm. Hg pressure. Blood oxygen analyses were performed according to the method of 
Van Slyke and Neill.21 Cardiae outputs were calculated in accordance with the Fick princi 
ple. So-called pulmonary arteriolar resistance was calculated by the method of Gorlin and 


associates,15 
We determined the work of the right ventricle in terms of work per minute per square 
meter of body surface in accordance with formulas previously developed in this depart 
ment.22, 2 When considering normal patients, little error is introduced by failing to su! 
tract the mean right auricular (or right ventricular end diastolic) pressure from the mear 
pulmonary artery pressure. In calculating the right ventricular work in the present study 
the mean right auricular (or right ventricular end diastolic) pressure, which was ofte! 
elevated at rest or during exercise, was subtracted from the mean pulmonary artery pressur 
rht ventricular end diastolic) pressure wa 


In those cases where the mean auricular (or ri 


not determined during exercise, the resting value was subtracted from the mean pulmonar 
artery pressure during exercise before computing the exercise right ventricular work. 

No effort was made to determine the kinetic energy because of the difficulties involved.: 
Right ventricular work was calculated in terms of potential energy only. This is not 4 
important omission in these patients because the principal factors determing the kinet 
energy (stroke volume and caliber of pulmonary artery) tend, in patients with mit? 


stenosis, to make the kinetic energy value small even with exercise.2 


RESULTS 
In Table I and Fig. 1 it is shown that the cardiac index at rest in the 
patients was generally reduced. In eight patients it was reduced below t! 
lower limits of the normal resting cardiac index of 2.6 L. per minute per squa 
meter. In several of the others it was at the lower range of normality. T 
average resting cardiac index for the entire group was 2.6 L. per minute p: 
square meter. Since the pulse rate in most of the patients was normal « 
slightly elevated, the stroke output was generally decreased. The average res 
ing stroke index was 33 ¢.c¢. per beat. 


*Sanborn. 
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There was a rise in eardiae output on exertion, although often slight, in 


sixteen out of seventeen of the patients in whom the determination was made 
, (Table I; Fig. 


minute per square meter. This is relatively lower, compared with the normal, 





resting and exercise 


1). The average cardiac index with exercise was 3.7 L. per 


than the resting eardiae index. Consequently, the slope of the lines connecting 


oxygen consumption — 
—— ratio is, as expected, generally steeper 
eardiae index 
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Fig. 1 The correlation of the oxygen consumption and the cardiac index at rest (@) 


exercise (xX) 


‘Pulmonary 


17 patients with mitral stenosis. The resting and exercise values are 


nected by straight lines. The stippled area defines the limits of normal values at rest 
exercise as determined in normal individuals studied in this laboratory and normals 
rted by others.!2. 26, 39 


venous capillary’? (‘‘PVC’’) pressures** *° were obtained, at 


only, in 10 patients, and were found to be elevated above the upper normal 


it of 12 mm. Hg®®: *° in six. In 3 patients in whom ‘‘PVC’’ pressures were 
ined (patients 4, 7, and 8) and in one patient in whom unsatisfactory 


ssures were obtained (patient 13), there was evidence on the day follow- 


catheterization of pulmonary infarction (localized rales and hemoptyses 


ill 4, roentgenological evidence in 3). The site of infarction was always 


he area of the lune where the ‘‘PVC”’ pressure was taken. No patient in 
ma ‘“*PVC”’ 


pressure was not taken showed any signs of pulmonary in- 
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faretion after catheterization, although the procedures used were otherwist 


identical. Furthermore, ‘‘PVC’’ pressures have been taken in this department 
in approximately 40 patients with various forms of cardiopulmonary disorders, 
but without mitral stenosis, and in none was there any evidence of pulmonary 


infaretion. 
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Fig. 2.—The correlation of mean pulmonary artery pressure and cardiac index in patient 


with mitral stenosis at rest and during exercise. Conventions as in Fig. 1. The trapez 


encloses the normal range for these values.?*: *6 













In Table II and Fig. 2 are shown the pressure data from the pulmona 
artery. In 6 patients the mean pulmonary artery pressure at rest was wit! 
normal limits (up to 18 mm. Hge).* In 3 of these 6 cases the pulmonary art 
pressure remained normal with exercise, while in the other 3 patients it ™ 
to abnormally high levels. In the remaining 14 patients, the pulmonary art 
pressure was elevated at rest and rose still higher in those who were exercis' 

There was evidence of right ventricular failure at rest (end diast 
pressure greater than 6 mm. Hg)* in 3 patients (see Table II). Pressures 
the right ventricle during exercise were determined in 9 patients. One 
these 9 patients had right heart failure at rest, and further elevation of the ri 


*These normal values are based on the findings in normal individuals studied in 
laboratory and reports in the literature.” * % * 
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se ventricular end diastolic pressure occurred with exercise. Four of the other 8 
if patients with normal resting end diastolic pressures developed right ventricular 
S. failure, as evidenced by abnormally high end diastolie pressures, with exercise 
ry patients 15, 17, 19, and 20). 


The calculated so-called resting pulmonary arteriolar resistance (according 
to the criteria of Dexter and associates) in 9 of 10 patients in whom a ‘‘PVC”’ 
pressure was obtained, was abnormally elevated (Table II; Fig. 3). 
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1 ‘ . . . 
ior At rest, the oxygen consumption varied from 100 to 185 ml./min./M? body 
* ‘lace with only 2 patients having oxygen consumptions greater than 150 
solit " -min./M? (Table I). The patient with the greatest oxygen consumption 
- ient 6) was decidedly anxious at the time of the determination, and this 
. ale “ probably responsible for the high value obtained. The oxygen consumption 
oht M exercise in the 16 patients in whom exercise was done varied from 225 


i ‘min./M? to 440 ml./min./M? (Table I). We used the oxygen consumption 
‘ase as an index of the effort involved in the exercise. Thus the effort in 
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the patients during exercise on this basis varied from 187 per cent to 329 per 


cent of their effort at rest. The exercise demanded was deliberately mild in 
order that it could be performed by all patients. The effective amount of ex- 
ternal work performed by the patient in pedalling a bicycle wheel was similar 
in all eases. However, as expected in untrained subjects, there was considerable 
variability in the efficiency with which such external work was performed. 

In 7 of 19 patients, the right ventricular work was increased at rest 
Table IL). The average resting right ventricular work of the 19 patients was 
0.93 Ke.M./min./M?*, while the average right ventricular work during exercise 
(16 patients) was 2.0 Kg.M./min./M*. In the few normals reported in the 
literature with this range of exercise,'* °° the average right ventricular work 
performed was 0.60 Keg.M./min./M? at rest and 1.3 Ke.M./min./M? during 
exercise. 


DISCUSSION 


Our observations on cardiae output at rest and exercise are in accord with 
the work of Meakins and associates,’ using a modification of Haldane’s earbon 
dioxide method, Stewart and associates,’' using the acetylene method, and many 
recent studies!**!® using the technique of right heart catheterization. They also 
show a variable range of effect, as reported by others. It is clear that mitral 
stenosis has a variable tendeney to reduce the resting cardiac output. Its effect 
in this direction during exercise is more striking. 

The increased oxygen requirements of the body during exercise in normal 
individuals are provided by an elevated cardiac output which increases the 
amount of oxygen reaching the tissues and by an increased oxygen removal from 
the blood in the capillaries. When the cardiac output can increase without 
restriction, and especially in trained individuals, it suffices to meet demands 
Without undue increase in oxygen removal from the capillaries. The latter will 
increase abnormally whenever the cardiac output adjustment is restricted. 
While the normal individual ean provide the tissue oxygen needs during 
excreise, as a rule, primarily by an increased blood flow, patients with mitral 
Stenosis are able to inerease their cardiae output to a limited extent only. 


This is shown in Fig. 1, where the relationship between the oxygen consumption 
anil cardiae index is plotted and compared with the average normal response. 
With this limited ecardiae output, the tissue oxygen requirements are satisfied 
to. greater extent than in the normal by an increased oxygen uptake from the 
Ca) iilary blood, thus resulting in an abnormally large arteriovenous oxygen 
di venee. This abnormally large A-V oxygen difference in patients with mitral 
Str osis may be present at rest (because of reduced cardiac output) as well as 
d » exercise, but the deviation from the normal is generally more marked 
dung exercise. The magnitude of the A-V oxygen difference serves as an 
ex: lent guide as to the patient’s ability to increase his cardiae output ade- 
ql y during exercise? In general, the greater the A-V oxygen difference 


lor . given amount of exercise, the less adequate is the eardiae output in supply- 
Ing ie tissue oxygen requirements. This is shown in Fig. 4. While 13 of the 
mit). patients had normal A-V oxygen differences at rest, only 4 remained in the 


hori:il range during exercise (patients 1, 3, 16, and 17). 
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This limited rise in cardiae output in patients with mitral stenosis has 
been observed previously. In facet, some patients with mitral stenosis have 


shown a decreased eardiae output during exercise (13, 17, and 19) in spite 


of the fact that the pressure gradient across the mitral orifice probably rises 
and would tend to increase blood flow into the left ventricle. The explanation 


for the limited response to exercise is not completely clear, but several factors 


seem to play significant roles. 
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Fig. 4.—The correlation of oxygen consumption and A-V oxygen difference in patie 
with mitral stenosis at rest and exercise. The resting and exercise values, where exer 


was performed, are connected by straight lines. Conventions as in Fig. 1. The rectangle 


and the straight lines from the extremities of the rectangle enclose the range of normal val 
found at rest and during exercise in normal individuals studied in this laboratory and 
ported by others.'* 7, 3, # Figure adapted from Hickam and Cargill.” 


The possibility of some left ventricular failure with exercise in patient 


with mitral stenosis cannot be completely eliminated, sinee diastolic left v: 
tricular pressures have not been determined in these patients. It is well kno 
that patients in left heart failure may show little or no increase (or eve! 
deerease) in cardiae output with exercise. Hiekam and Cargill’? noted 
similarity in the response to exercise of patients with mitral stenosis and 
ventricular failure (increased pulmonary artery pressure, increased A-V ox) 
difference, and limited cardiae output response). Left ventricular failure 1 
be a factor in those patients with significant regurgitation at the mitral 
aortic valves. It seems unlikely, however, that such a mechanism plays a 
nificant role in limiting the increase in cardiae output during exercise in 
tients with isolated mitral stenosis. Most rheumatie patients with mitral ste 
as the predominant valvular lesion show little evidence of left ventric 
disease.** Seven of our patients who had an abnormal A-V oxygen diffe 
with exercise had ‘‘pure’’ mitral stenosis with no evidence of left ventric 


disease. 
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The possibility exists that right ventricular failure might develop in mitral 
patients during exercise, as a result of the increased work of the right ventricle 


against pressure. This was investigated by analysis of the right ventrieular 


; end diastolic pressure. There was evidence of right ventricular failure during 
exercise with abnormal elevation in the end diastolie pressure in 5 of 9 patients 
; in whom the right ventricular pressures were taken. In some cases therefore, 


this failure of the right ventricle during exercise may play a signifieant part 
in restricting the cardiae output. 

In the presence of mitral stenosis, the possibility exists that significant left 
ventricular filling occurs throughout diastole, and thus the more rapid heart 
rate occurring during exercise may eliminate a significant part of this inflow. 
In the normal heart, left ventricular filling is largely confined to the rapid in- 
flow phase occurring early in diastole.2? Moderate acceleration of the heart 
would thus interfere only slightly with filling and would have, therefore, little 
effect on stroke volume. Minute volume, the product of stroke volume and heart 
rate, would be greatly increased normally as a consequence. With rapid inflow 
more spread out, as is postulated in mitral stenosis, the effect of cardiac accelera- 
tion on filling and stroke volume would be enhaneed, and hence the minute out- 
put augmentation would be reduced. 





If mitral insufficiency of significant degree is also present, a more rapid 
heart rate would give more opportunity for regurgitation. This is so because 
as the heart speeds up, more of its time is spent in systole, the phase of the 
heart evele during which regurgitation would take place. This is based on the 
fact that systole shortens much less than diastole as the rate accelerates and 
systolie time is the product of the heart rate and the duration of systole. 

More significant than these factors, it would appear, is the limitation on 
eardiae output imposed by a tight mitral orifice per se. It has been shown 
ues that the dynamie effect of mitral stenosis is not linearly proportional to its 

degree, but tends to be curvilinear,*” *! i.e., each increment of stenosis has a 
vreater and greater effect than the preceding increment. This means that as the 
Stenosis becomes tighter, progressively greater and greater pressure differences 
are needed across the orifice to produce equivalent increases in flow. Or, con- 
trariwise, an equivalent pressure gradient increase will have progressively less 


: a an! less effect on flow until ultimately the effect is negligible. This is the most 
wis tant eause for the diminished or absent augmentation of cardiae output 
a On exercise with mitral stenosis. It is for this among other reasons that the term 
i namie significance’’ of mitral stenosis was created. Thus in dynamieally 
) Significant mitral stenosis, the limited egress of blood from the lungs on exercise, 
i W a comparatively normal input by the right heart, sets up conditions for 
5 PU ionary engorgement and its sequelae. 
ei All of our patients with mitral stenosis had an increase in cardiae output 
ot th ugh generally small) with exercise, with one exception (patient 6). This 
aie pationt, however, manifested a good deal of anxiety during the catheterization 
ar procedure, as is evidenced by this high resting oxygen consumption and elevated 


ic output. The dissipation of his anxiety during exercise may have been 
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responsible for the failure of this patient to increase his eardiae output above 
that present when he was ‘‘anxiously resting.’’ Hickam and associates®* hav 
noted that normal patients may show a drop in ecardiae output in going from 
a state of anxiety to exercise. This mechanism may be responsible for the 
occasional decrease in cardiac output on mild exercise in cases with mitra! 
stenosis reported by others. 

Another possible reason for failure to observe an increase in cardiae out 
put on exercise in mitral stenosis patients lies in the difficulty in obtaining a 
‘steady state’’ of exercise. Thus during short periods of exercise of thre 
minutes or less'* ?* there may be fluetuations in oxygen consumption and A-V 
oxygen difference. This arises because of the difficulty in obtaining arteria! 
and venous blood samples precisely representative of the changing blood gas 
pattern and because the oxygen consumption may still fluctuate early in exer 
cise.** ** We have attempted to decrease this source of error by measuring 


the oxygen consumption and obtaining our blood samples during the fourth 





and fifth minutes of exercise when things are steadier; even at this time, how- 
ever, a steady state need not always be present.** Finally, the lack of increase 
in cardiac output during exercise in some of the reported cases may be due to 
the extreme mildness of the exercise itself which was employed by others.17 

We were unable to confirm the findings of Stewart and his co-workers'! 
(using the acetylene method) that impairment of cardiae output was generall) 
less in those patients who had aortie insufficiency in addition to their mitral 
valve disease than in patients with isolated mitral valve lesions. The six pa- 
tients (patients 4, 6, 16, 18, 19, and 20) in the present series who had aortic 
insufficiency had catheterization findings essentially similar in all respects to 
the remainder of the group, at rest and on exercise. The findings of Stewart 
and associates may be the result of fortuitous sampling or to inadequacies of 
the acetylene method employed. 


Only three of our patients (patients 4, 14, and 19*) showed arterial un- 
saturation. The rest, like the majority reported in the literature, showed nor- 
mal oxygen saturation of the peripheral arterial blood. On occasion, however, 


the pathologic changes in the lung associated with mitral stenosis*® °* may 
produce inadequate pulmonary gas exchange and thus lead to arterial unsatura- 
tion. None of our three patients with arterial oxygen unsaturation had ev1- 
dence of pulmonary edema at the time of cardiac catheterization. It is assumed, 


therefore, that in them pathologie alterations in the alveoli and small pulin 


nary vessels were responsible for the unsaturation of the arterial blood. Cy«no- 
sis, however, when it occurs in patients with mitral stenosis, is generally <lue 
to stasis in the periphery of the systemie cireuit.*7 


The apparent increase in pulmonary arteriolar resistance at rest fo ind 


in 4 of our 9 patients in whom it was measured, on the basis of certain assu “p- 
tions,!> has been suggested previously in patients with mitral stenosis.’° °” 
There are sufficient pathologic changes in the pulmonary arteriolar, in add. 1on 











*In patient 19, biopsy specimens taken at the time of surgery showed the preser! ol 
miliary granulomatosis, consistent with sarcoidosis, in the pleura, lung, pericardiun ind 
left auricular appendage. : 
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to the arterial, tree to account for an increased resistance. The possibility that 
active pulmonary arteriolar constriction is an important factor is unlikely, 
but has not been eliminated, 

The exact etiology for the episodes of pulmonary infaretion which occurred 
in + patients following catheterization is uncertain. The episodes do seem to 
bear a relation to the procedure used to measure *‘PVC"" pressures. Signs 
of pulmonary infaretion developed eight to thirty-six hours after catheterization 
in 4 of 10 mitral stenosis patients in whom efforts to take ‘*PVC"’ pressures 
were made, but in none of the other patients. Furthermore, the infaretion in 
each case occurred in precisely the area where the **PVC"' pressure was 
obtained (right middle lobe in two patients, right lower lobe in the others). 
Although Hellems and his co-workers?! noted no untoward consequences of 
“PVC”? measurements in dogs, it is possible that in our patients the catheter 
tip plugging the pulmonary arteriole caused injury to the intima, and this in 
turn may have been followed by extensive thrombosis of the injured artery. 
The presence of pulmonary vascular disease in patients with mitral stenosis may 
account for a disposition to injury and thrombosis. Pulmonary congestion, 
which is common in mitral stenosis, would contribute to the infaretion of the 
lung. With pulmonary congestion, protracted obstruction of the smaller pul- 
monary artery branch itself could conceivably lead to infarction without injury 
or thrombosis of the vessel. Dexter®’ states that he has been able to eliminate 
this complication by sterilization of the catheters by autoclaving. The fact 
that in two of our cases the ‘*‘ PVC" pressure was not elevated at rest may not 
be used as proof of absence of congestion. We think it highly unlikely that 
pulmonary embolism could have caused pulmonary infarction in these 4 patients 
and involve in each case the exact area supplied by the pulmonary artery branch 
obstrueted. At present, when we obtain ‘‘PVC’’ pressures, we permit the 
catheter to plug the artery for seconds only and we do not take these pressures 
during exercise. We recommend such precautions to all workers in this field. 

Our primary purpose in performing cardiae catheterization studies in 
patients with mitral stenosis was to define the variable dynamie significance of 
lesion in individual eases, with a view to possible surgical relief of the 
sicnosis. Reliable criteria for the precise definition of surgical indications and 
contraindications ean be obtained only by careful analysis of such physiological 
cota eolleeted on a large number of individuals before and after surgery, as 
as on patients who are not operated upon. At the present, only tentative 
0} ons may be entertained in regard to surgery on the basis of a limited num- 
be: of observations. 


On the basis of clinical and physiological studies, a mitral valve stenosis 


n be classified as being mild, moderate, or severe (Fig. 5). It is the 
Mm erate and severe stenoses that we consider ‘‘dynamically signifieant.”’ 


thermore, the valve lesion must be considered from the aspect of whether 
it. or is not progressive. 

he selection of patients with mitral stenosis for valvulotomy requires con- 
Si able thought and study devoted to each patient. The proper decision in 
ma: eases will depend not only on special cardiovascular studies but also will 
req. ire careful and repeated evaluation of each patient with valvular heart 
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disease by the internist or cardiologist to decide upon the advisability of surgery. 
The responsibility for choosing the appropriate time for surgery rests primarily 
with the internist and eardiologist. It is often an extremely difficult task and 
must be faced with considered and skilled judgment if the best medical and 


surgical results are to be realized. 
SUMMARY 


Cardiovascular dynamics were studied in 20 patients with mitral stenosis 


hy means of right heart catheterization. 
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Fig. 5.—This is a diagrammatic representation of the effect of different degrees of n 
stenosis on mean pulmonary artery pressure and cardiac index at rest and on exercist 
compared to paired normals. The pairs of blocks on the left represent mean pulmonary art 
pressure. The pairs of blocks on the right represent cardiac index In each pair, the t K 
to the left is the normal subject, to the right the subject with mitral stenosis. The heig! 
the shaded portion of the block represents in each case the mean pulmonary artery pre 
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and cardiac index at rest, and the total height represents these values on exercise. he 

shaded portion of the block thus represents the effect of exercise. Row A, Dynamicall) } 
significant mitral stenosis. The mean pulmonary artery pressure and cardiac index ¢ 
normal at rest and during exercise. Row B, Mild mitral stenosis. The pulmonary a! y 
pressure and cardiac index are normal at rest. On exercise, however, the pulmonary art ry 


pressure rises excessively while the rise in cardiac index is less than normal. Row C, Mode 
mitral stenosis. The resting pulmonary artery pressure is elevated and the resting cardiac in- 
dex is reduced. On exercise, there is a marked rise in pulmonary artery pressure whilt 
cardiac index increases very little. Row D, Severe mitral stenosis There is a marked 
monary artery hypertension at rest while the resting cardiac index is low. On exe e, 
there is an extreme rise in pulmonary artery pressure while there is insignificant increa 
cardiac index. 
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At rest there was generally an inereased mean pulmonary artery pressure, 
a reduced eardiae output, an inereased ‘*‘PVC"’ pressure, and an increased 
‘pulmonary arteriolar’’ resistance. 

Generally there was only a small rise in cardiac output on exercise asso- 
ciated with a marked rise in pulmonary artery pressure. The possible mecha- 
nisms for the limited cardiac output response on exercise in patients with mitral 
stenosis are discussed. 

There was evidence of pulmonary infarction in 4 of 10 patients eight to 
thirty-six hours after ‘‘PVC’’ pressures were taken at rest. The possible 
etiology of the infarets is discussed. 

On the basis of preliminary observations, surgery is indicated in dynami- 
cally significant stenosis and when the disease appears to be progressive, unless 
some specific contraindication is present. 

In view of the beneficial effects frequently observed after valvulotomy in 
patients with mitral stenosis, every patient with this lesion deserves particularly 
careful and frequent evaluation. The data obtained by cardiae catheterization 
studies are of great aid in such evaluation. 


We wish to acknowledge our appreciation to the other members of the catheterization 
and respiratory teams for technical aid. We are indebted to the physicians of Michael Reese 
Hospital for permitting us to study their patients. We would like to express our thanks also 
to those physicians who attended the special weekly conferences where each case was dis 

issed, and who contributed to the thoughts expressed in this paper. 
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PANCREATITIS IN METHYL ALCOHOL POISONING 


Ivan L. BENNETT, JR., M.D., THomMas C. Nation, M.D., AND 
JAMES F'. OLLEy, M.D. 
ATLANTA, GA. 


1} pins a five-day period in October, 1951, more than 300 patients who had 
ingested bootleg whiskey containing 35 per cent methyl aleohol were treated 
at Grady Memorial Hospital. In general, they presented the classic symptoms 
of wood alcohol poisoning: visual disturbances from mild blurring to total 
blindness, severe abdominal pain, nausea, headache, and central nervous mani- 
festations ranging from dizziness to convulsions and coma. The most obvious 
physiologic disturbance produced in human beings by methanol is severe aci 
dosis, as evidenced by reduction in plasma carbon dioxide combining power. 
This was present in many of our patients. The mechanism of the acidosis is 
incompletely understood, although the breakdown of methanol in the body to 
formic acid and formaldehyde is thought to play some role in its production. 
It is the purpose of the present report to describe the occurrence of 
pancreatitis after ingestion of methyl! aleohol. Although post-mortem findings 
in methanol poisoning have been described extensively, we have found only two 
descriptions of pancreatic involvement. In 1930, Burhans’ stated that hemor- 
rhagie pancreatitis was found at autopsy in every one of 11 cases of methy! 
aleohol poisoning examined by him. Keeney and Mellinkoff? noted a few small 
areas of hemorrhage in the pancreas of one of six fatal cases of methyl aleohol 
intoxieation. 
MATERIAL FOR STUDY 
Serial serum amylase determinations were performed on 14 patients selected at random 
n those hospitalized for methyl alcohol poisoning. All had symptoms of severe intoxica 
with acidosis, visual disturbances, ete. None received morphine or other narcotie which 
it influence serum amylase levels.’ 4 All were given sodium bicarbonate in 3 or 5 per cent 
tion intravenously in amounts sufficient to restore the plasma carbon dioxide combining 
r to normal, and all but one of these patients survived. In nearly all instances, a period 
wenty-four to seventy-two hours elapsed between ingestion of methanol and onset of 
‘toms, so that few amylase determinations were done during the first forty-eight hours 
the poison was drunk. Amylase was determined by a modification of the Somogyi 
id.5 In our laboratory, the normal limits for serum amylase are listed as 80 to 150 units, 
igures of 50 to 200 units are sometimes seen in apparently normal subjects. 
Material for histologie study consisted of tissues obtained at autopsy from 10 fatal 
during the outbreak of October, 1951. In addition, sections of pancreas from seven 


s of methyl aleohol who died in December, 1946, were reviewed. 


SERUM AMYLASE DETERMINATIONS 


len of the 14 subjects tested had initial serum amylase levels exceeding 
30°, units. Elevated values were found as late as the eighth day after ingestion 
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of methanol. In general, there was prompt return of amylase activity to normal 


levels with convalescence. One patient, whose amylase was 362 units three days 


after drinking methanol, died, and at autopsy extensive pancreatic necrosis was 
found. Another, whose serum was tested repeatedly, showed consistently norma! 
amylase activity. Fig. 1 portrays the course of the serum amylase activity i 
12 of the 14 patients. Table | compares initial amylase levels with plasma ear 
bon dioxide combining power at the time of admission (in general, a measur 
of severity of methanol poisoning 

Table IT shows the course of serum amylase in the only patient in whom 
persistent elevation was found. There was a slow increase in levels until the 
42nd day, the time of last observation. Ile was asymptomatic and had no evi 
dence of pancreatic or renal insufficiency. Unfortunately it was not possibl 


to trace him for further observation. 
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Fig. 1 Course of serum amylase in twelve patients with methyl alcohol poisoning 


HISTOLOGIC FINDINGS 


In 13 of the 17 patients pancreatitis was found. The lesions varied {) 0m 
scattered areas of acinar destruction with edema of the stroma to a str 
hemorrhagic necrosis easily recognizable in the gross. Histologic study 1” 
dicated that the earliest changes were degranulation and increased basoph 
of the acinar cells with pooling of secretion in the ducts. This was followe: )3 
edema of the connective tissue of the lobules. The next step in the p! 
appeared to be beginning necrosis of blood vessel walls, both arteries and \ 
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TABLE I. TABLE SHOWING INITIAL PLASMA CARBON DIOXIDE COMBINING POWER, HIGHES1 
SERUM AMYLASE, AND RESULTS OF TREATMENT IN FOURTEEN PATIENTS 
. WitH METHANOL POISONING 
‘ INITIAL CO, 
COMB. POWER HIGHEST AMYLASI DAY AFTER 
PATIENT ( MEQ. ) RECORDED INGESTION | REMARKS 
l 9.0 312 units 7th Recovered 
2 21.0 343 2nd Recovered 
( ) bet 356 oth Recovered 
$.S 166 ith Recovered 
5° 13.0 D98 oth Recovered 
6 13.0 216 6th Recovered 
i 7 6.5 $24 3rd Recovered 
1e S 12.0 193 ord Recovered 
; a) 12.0 342 {th Recovered 
10 n.d. 361 4th Recovered 
° 1] 10.5 512 Sth Recovered 
12 8.0 90 11th Recovered 
13 10.5 362 3rd Died 4th day 
14 15.0 bit t2nd Asymptomatic 
resulting finally in extravasation ot blood throughout the parenchyma with 
massive hemorrhagie destruction. The findings suggest that the greatest part 
of the damage is secondary to vascular injury and hemorrhage. In one of the 
four eases in which no frank pancreatitis was found there was definite edema 
of the stroma and oceasional small foci of beginning necrosis were visible in the 
walls of the intralobular arterioles, although this had not progressed to the 
point of extravasation. 
DISCUSSION 
The finding of elevated serum amylase in 10 of 14 patients after ingestion 
methanol and of pancreatic necrosis in 13 of 17 fatal eases justifies the con- 
clusion that one of the features of methyl! alcohol poisoning is pancreatic damage. 
e mechanism of this pancreatitis is not clear, but certain factors deserve con- 
leration. 
There appears to be a relation between ingestion of ethyl aleohol and 
ite pancreatitis. It has been estimated that 20 per cent of patients with 
ite panereatitis are alcoholics. In a review of the literature, Ivy and Gibbs® 
nd that 25 per cent of patients dying of acute aleoholism showed pan- 
ititis and that serum amylase was elevated in 24 per cent of alcoholie patients. 
hough the cause of pancreatitis associated with ethyl alcohol ingestion is 
nown, several factors such as low protein diet, possible stimulation of secre- 
ete., have been considered. Ivy and Gibbs were inclined to believe that 
IT. CoURSE OF SERUM AMYLASE IN PATIENT 14 WHO Was Lost TO FOLLOW-UP AFTER 
ym THis TIME. HE WAS ASYMPTOMATIC WHEN LAST SEEN 
ng DAYS AFTER INGESTION SERUM AMYLASE 
n 4 402 units 
6 291 
- 8 354 
ny 22 896 
SS 
' 35 906 


LP 














408 BENNETT, NATION, AND OLLEY 


duodenitis with obstruction of pancreatic outflow is the most important etiologic 
factor. The bootleg liquor consumed by the patients in our series in 1951 con- 
tained less than 4 per cent ethanol and the mixture consumed by the seven 
patients who died in 1946 contained no ethyl alcohol at all. In only one of the 
autopsy protocols in our series was edema of the duodenal mucosa mentioned; 
in several, petechiae were noted, but in most, the mucosa was deseribed as nor- 
mal. The possible role of acidosis in the production of methanol pancreatitis 
should be mentioned. Pancreatitis is not ordinarily a feature of severe diabetic 
acidosis but Ivy and Gibbs® mention three instances of pancreatitis in children 
dying in diabetie acidosis. Furthermore, elevation of serum amylase is a 
common occurrence in uremia. Although reduction in renal clearance of amy 
lase and the frequent finding of severe vascular disease in the pancreas in 
uremia can explain high serum amylase activity in renal insufficiency, it ma) 
well be that the concomitant acidosis in many uremia patients is also a factor. 

Exeruciating upper abdominal pain is a common finding in methanol 
poisoning. It may be accompanied by muscle rigidity of such extent that an 
acute surgical process is suspected. This pain has been explained on the basis 
of spasm of the smooth muscle of the gut and the finding of intestinal con- 


tractures has been emphasized at necropsy.’ It seems likely that pancreatitis 
is responsible for much of the severe abdominal pain which is a prominent 
feature of methyl aleohol intoxication. In patients with acidosis due_ to 


methanol, the intravenous infusion of sodium bicarbonate characteristicall) 
produces striking symptomatic relief with restoration of consciousness, relie! 
of visual disturbances (but apparently little effect on later permanent ocular 
damage) and alleviation of abdominal pain. This prompt response of pain 
to alkalinization could also be interpreted as evidence for the role of acidosis 
in the production of the pancreatic lesion. It is pertinent to point out that the 
importance of acidosis per se in the production of the manifestations of methy! 
aleohol poisoning is still a controversial issue.*~° 

The possibility remains that the pancreatic lesions are the result of some 
direct action of methanol. The fact that there is a latent period after in- 
gestion until onset of abdominal pain just as there is for the other manifesta- 
tions of methanol poisoning such as acidosis and visual disturbance suggests 
that the breakdown products of methanol oxidation are the offenders. 





SUMMARY AND CONCLUSIONS 


Elevation of serum amylase was observed in 10 of 14 patients with met 


aleohol poisoning. At autopsy, pancreatic necrosis was present in 13 of !7 
fatal eases. The pathogenesis of pancreatic injury after ingestion of met! v! 
aleohol is not clear but histologic study suggests that vaseular injury w.‘h 
subsequent hemorrhage is responsible for most of the observed changes. ‘| 1¢ 


role of acidosis in the production of pancreatitis in methyl aleohol poison. ig 
remains to be determined. It is suggested that pancreatitis may be the ea. se 
of the severe abdominal pain which frequently accompanied methanol int: «!- 


eation. 
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BRONCHOSPIROMETRY 
IV. AMBIENT-AIR AND OXYGEN-RECORDING BRONCHOSPIROMETRY 
Epwarp A. GAENSLER, M.D., AND Lit. Davip W. CuGELL. Mepicar Corps, 
ARMY OF THE UNITED STATES 
Boston, MAss. 
INTRODUCTION 


HE literature on split functional studies, the effects of resistance breathing 
and the complications of, and contraindieations to, the procedure have beet 
reviewed in previous papers of this series..-° The technique of bronchospirometry 


and the interpretation of the tracings obtained with twin spirometers, arranged 


to record on one drum, have been deseribed in detail. 


Differential oxygen uptake, ventilation, and vital capacity are easily obtained with close 
system spirometers. The Knipping type instrument was modified by Bjérkman4 and_ tli 
Benedict-Roth Spirometer was specially adapted by Gebauer®5 for use during bronchospirometr) 
Weé have used the latter modification and have found this twin spirometer satisfactory during 
the course of 1,000 examinations. 

The advantages of a direct recording system for respiratory analysis are apparent! 
Relative ventilation of the two lungs can be observed after the first breath, and relative oxyg 
uptake can be judged after the first few breaths. If the procedure is interrupted by slipping 
of the catheter, sudden leaks, bursting of a balloon, uneontrollable cough, or excessive secre 
tions, a record of some value can nevertheless usually be salvaged. Further, by comparing 1 
spirograms, the appearance of the chest roentgenogram and the position of the catheter, it 
possible to identify occlusion of a bronchial orifice or an improperly functioning apparat 
shortly after initiation of the test. Air leaks from one lung to the other or to the outsi 
and mechanical occlusion of one catheter lumen are recognized immediately. Finally, irregu 
or labored breathing is observed on the kymograph, and the cause can be investigated.3 

This type of closed spirometry has four distinct disadvantages: (1) The inertia of 1 
spirometer bells floating in water is considerable and causes some distortion of the breath 
pattern. It may even cause faulty registration of volumes.7 Because of the artificial cor 
tions of resistance breathing during bronchospirometry,2 and because the procedure is usu: 
applied during quiet breathing, this factor is probably of little importance. (2) Calculat 
of minute ventilation is laborious because all the tidal volumes for several minutes must 
measured and added. (3) The patients’ lungs are subjected to constantly changing 
composition, since oxygen is removed from the spirometer and some nitrogen is added 1 
the lungs. This is most objectionable when function is distributed unequally between 
lungs, since after a while the major lung breathes gas of lower oxygen content than the po 
functioning lung which has removed less oxygen from its spirometer. (4) The initial ox) 
concentration in the spirometers must be considerably higher than that of room air to : 

From the Physiology Laboratory, Thoracic Surgery Service, Sanatorium Division of 
Boston City Hospital, Mattapan, and the Department of Surgery, Boston University S 
of Medicine; and from the Thorndike Memorial Laboratory, Second and Fourth Medical 
ices (Harvard), Boston City Hospital, and the Department of Medicine, Harvard Mé 
School, Boston. 

This investigation was supported (in part) by research grants from the National I) 
tutes of Health, Public Health Service; the Committee on Medical Research of the Nat 
Tuberculosis Association; and the Foundation for the Study and Treatment of Thoraci¢ 
telated Diseases. 

Read (in part) at the Forty-third Annual Meeting of the American Society for Clir 
Investigation, Atlantic City, N. J., April 30, 1951. 

Received for publication, April 14, 1952. 


410 




















BRONCHOSPIROMETRY 41] 


anoxia later during the procedure. Because the data obtained from bronchospirometry are 
reported as relative percentages only, the high oxygen concentrations should not affect the 
results in normal subjects or patients with symmetrical pulmonary disease. In unilateral 
involvement the damaged lung may be able to take advantage of the oxygen rich mixture 
while the well lung cannot. This may cause not only an alteration in total ventilation and 
oxygen uptake, of no concern in bronchospirometry, but also a shift of ventilation and oxygen 
uptake from the normal to the diseased lung. It is therefore not certain that the relative 
performance of the two lungs, as recorded by closed cireuit spirometry, is the same as that 
encountered during room air breathing. 

All these disadvantages are obviated by open cireuit spirometry.s Here the two external 
eatheter orifices are attached to two inspiratory valves open to room air and to two expiratory 
valves connected to Douglas bags. After five to ten minutes the volumes of gas in the two 
bags are measured, and relative minute ventilation is obtained directly. For calculation of 
relative oxygen uptake and carbon dioxide output it is necessary to analyze the contents of the 
bags with a Haldane or other gas analyzer. Although this technique provides constant room 
air breathing it has not generally found favor in bronchospirometry because of the lack of a 
visual record of the respiratory effort. Leaks, malplacement, and slippage of the tube may 
go unnoticed, and relative vital capacities with their subdivisions cannot be obtained by the 
open circuit technique. 

A combination of the open and closed circuit methods has been used by Wright.9 After 
introduction of the catheter, vital capacities are obtained by the closed technique using large 
spirometers filled with room air. When correct placement and absence of leaks have been as 
sured from a two-minute observation of the tracing, the airways are switched into an open cir 
cuit for collection of expired air; oxygen uptake, carbon dioxide output, and minute ventilation 
are obtained after gas analysis. A combination of these two methods has not proved satis 
factory in our hands. Displacement of the catheter during the second part of the procedure 
due to cough or sudden motion occasionally went unnoticed until completion of gas analyses. 
Duplicate gas analyses of four samples obtained from each of three to five patients in one 
morning were tedious and time consuming. 

The problem of obtaining a visual record during spirometry while supplying the patient 
with gas of an unchanging composition has intrigued investigators for many years. Interest 

as stimulated by Uhlenbruck’s!© observation that oxygen uptake could be increased tem 
iorarily in certain patients with cardiorespiratory disease by increasing the partial pressure 
‘oxygen in the inspired gas. 

We have been interested in ambient or room air breathing for recording of the respira- 
ry level prior to functional residual capacity determination by the open circuit method and 
or use during bronchospirometry. We had the opportunity to observe an instrument designed 

Maloney! for recording of respiratory excursions during closed system endotracheal anes- 
esia. This consisted of an airtight plastic bubble placed around an anesthesia bag. An 
ening in the bubble was connected to a spirometer whose valves and soda lime cannister had 
eT 


removed. As the patient breathed out, air was displaced from the bubble by the 
reasing size of the anesthesia bag, and the spirometer bell rose. The reverse took place on 
spiration. From this we have adapted a system for ambient air breathing in which the 
spired air remains completely unaltered, which does not require intermittent or continuous 
lition of oxygen and which incorporates all the advantages of continuous recording of 
piratory excursions. It consists of an airtight metal drum with a plastic window. A 
loon is sealed within this drum with a large rubber stopper. The balloon is filled with room 
and the patient inspires room air from the balloon through a respiratory valve and expires 
) the box around the balloon through another valve. A spirometer is connected to the drum, 
the rise and fall of its bell reflects the volume changes within the patient’s chest, al- 
igh the flow of respired air is not directed through the spirometer. The balloon supplies 
igh air for quiet ventilation for four to seven minutes, and has been used in this fashion 
determination of the respiratory level prior to residual air determination.12-14 
Since then, a number of other publications have come to our attention reporting the use 
his system for separating inspired from expired air. Roth!5 was the first who designed 
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such an apparatus for determination of the basal metabolic rate during room air breathing. 
About the same time it was shown that the metabolic rate is not ordinarily affected by the 
oxygen tension of the inspired air, and his apparatus was never constructed. Sonne! was 
the first who actually utilized the bag-within-box principle for separation of inspired from 
expired gas during spirometry. The motion of the spirometer served to activate a series of 
alveolar gas samplers, and the distribution of the tidal volume within the lungs was studied 
by introduction of hydrogen from a second bag within the box. This technique was later 
amplified by Sonne and Georg.17,18 Donaid and Christie!® used boxes of 100 liter capacity 
with 80 liter Douglas bags. Two such boxes, which could be used alternatingly, were in 
corporated within a single portable instrument. They were able to observe changes in oxygen 
uptake, ventilation and respiratory quotient with use of gases of different composition. 
Georg2® modified the Sonne design. He used a wooden box of about 750 liter capacity, 
sealed with water traps, in which two 150 liter Douglas bags were suspended. Tracings 
were obtained by means of a Krogh spirometer connected to the box. The bags supplied 
enough air for ten minutes of exercise. 

The problem of recording spirometry with constant gaseous composition has been ap 
proached from two other directions: either the capacity of the system has been increased, or 
oxygen has been added to the system to compensate for the patients’ metabolic requirement. 
The volume of the closed system has been augmented by increasing the size of the spirom 
eter21, 22 or by interposing a large airtight box in the inspiratory circuit.2% By these methods 
resting spirometry could be carried on for several minutes without greatly altering the com 
position of the inspired gas. However, they did not solve the problem entirely, for the 
composition of the gas remained only approximately constant. Also, if the box or spirometer 
was large enough to accomplish sufficient dilution, then small temperature changes affected 
the volume of the container greatly, and the slope of oxygen uptake line was considerably 
falsified. Thus, if a box of 200 liters was used, as was suggested by Arnaud and associates,* 
a rise of temperature within the box from 20° C. to 21° C. inereased the volume within the 
system by 683 ml., or more than the entire oxygen uptake for approximately three minutes 

The second approach to the problem has been the addition of oxygen to the system to 
compensate for oxygen removed by the patient. This has been done intermittently or cor 
tinuously. With the intermittent method, the spirometer was filled with room air and enougl 


oxygen was added every one or two minutes to return the spirometer to its original vol 


ume.10, 21, 22,24 This method, too, provided for only approximately constant gas compositio1 
The more frequently refills were made, the more constant was the gaseous composition. How 
ever, the refills resulted in frequent interruptions of the slope, and oxygen uptake could 2 
longer be read with accuracy. To circumvent this frequent interruption of the ventilatior 
slope, Nager25 described a system consisting of two spirometers. The respiratory circu 
could be switched from one spirometer te the other by a single maneuver while the recordir 
pen was moved by an electromagnet to the spirometer in use. Simultaneously, oxygen w: 
added to the spirometer not in use. If switching was done frequently, the oxygen tensi 
could be maintained approximately constant without disturbing the continuity of the ventil 
tion slope. 
The continuous methods have been used less often because of the intricate techniq 

rate of removal. The simplest w: 


’ 


required for adding oxygen continuously at the patients 
to accomplish this was to add just enough oxygen by manual control of a valve to keep t 
slope of the respiratory excursions on a horizontal line. Oxygen was added from a seco 
spirometer by screw clamp control,26, 27 or from a tank by regulating the flow with a reducti 
valve and a finely graduated flow meter.28, 29 These techniques required constant attention 
an experienced observer and did not permit direct reading of oxygen uptake from 
respiratory tracing. 

A number of methods have been described for automatic continuous addition of oxygt 
The “dosimeter” by Bjerknes and Scholander2° consisted of two superimposed contain 
the upper of which was filled with water and the lower with oxygen. Water slowly flov 
from the upper into the lower container. Oxygen was thereby displaced from the lower 


tainer into the spirometer and, at the same time, air was sucked from the spirometer into 
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upper water container. The fall of the water level was synchronized with the rise of the 
recording pen of the Krogh spirometer. The ventilation curve continued to have an upward 
slope and could be used to measure oxygen uptake while the oxygen tension of the inspired 
gas remained unchanged. Eekman and Barach*! used a system where the oxygen addition 
was controlled by the inspiratory position or the lowest spirometer volume. This had the 
disadvantage that a sigh or a deep breath caused a sudden injection of oxygen, thereby 
raising the spirometer oxvgen tension for some time. The injection of oxygen was con- 
trolled by the expiratory position or largest spirometer volume in a system described by 
Anthony and Rohland.°2 The oxygen supply was regulated by an electromagnetic valve 
which was intermittently opened by the counterweight of the spirometer bell dipping into 
a pool of mercury as the amount of gas in the spirometer decreased. The most complex 
electro-mechanical oxygen replenisher was designed by Rossier and Wiesinger. The in 
strument incorporated a device which continuously “palpated” the respiratory level in the 
expiratory position. Oxygen was added upon the slightest variation in this level and could 
be added fast enough to permit use of the instrument during exercise. 

These continuous techniques are imperfect in many ways. In spite of automatic 
maintenance of a constant spirometer volume, the oxygen tension decreases slowly, first, 


because the added tank oxvgen contains 0.5 to 2 


per cent inert gas and second, because the 
wash bottle or soda lime container does not remove all the exha'ed carbon dioxide completely, 
vhich is then added to the volume in the spirometer. The use of most automatic supply 
systems does not permit direct reading of oxygen uptake from the tracing without accessory 
spirometers or flow integrators. Finally, any spontaneous variations in the functional residual 
apacity (pulmonary resting position) are interpreted by the regulators as variations in 
xygen uptake and are automatically and erroneously compensated. The functional residual 
ipacity may vary by several hundred cubic centimeters from time to time in the same patient 

rest.34, 35 Such variations occur regularly in patients with obstructive ventilatory in 

ficiency. The oxygen tension within the spirometer therefore changes in spite of constant 

tomatic maintenance of a horizontal respiratory base line when the regulator misinterprets 
ise in the functional residual capacity as a sudden increase in oxygen uptake. 

All of these devices were primarily designed for the exploration of the ‘‘oxygen deficit,’’ 
xia experiments, and the study of metabolism during exercise. Only Tulou®6 applied one 
these methods to bronchospirometry by interposing ‘‘ Arnaud boxes’’23 in the inspiratory) 

uits of a twin spirometer to approximate room air breathing. Others, recognizing the un 
piysiologie effect of oxygen breathing during bronchospirometry, have turned to the open 

ut method.s, 9 Wright and Woodruff9 have compared the relative oxygen uptake of dis 
{ lungs rebreathing air from a spirometer and breathing room air in an open circuit. 
rty-one patients examined in this manner, the difference of participation in oxygen uptake 
een the two lungs was more than 5 per cent in half the cases, and as much as 15 per cent 
me. However, closed spirometry was performed for only two minutes, and the authors 


that this was often too short a time for accurate determination of the respiratory slope. 


man and Carlens’? were the only investigators who reported bronchospirometry using 
room air and oxygen in the same patients. The method used to accomplish this was 
I tated. They found that the share of oxygen uptake of the inferior lung decreased from 
< ) per cent in sixteen patients on transition from oxygen to air. Unfortunately, the) 
st 1 to have always used oxygen before room air so that the transition from one type of 
p ) the other must have been gradual, as oxygen was rinsed from the lungs and tissues 
the later air breathing period. 
MATERIALS AND METHODS 

'he Box-Balioon System.—All present drum-balloon combinations used by the authors 
CC of cylindrical airtight drums of 30-liter capacity with large plastic windows. They 
_ tted with 30-liter meteorological balloons which are inexpensive and are made of very 
th 


eoprene. This material transmits pressure changes without lag, and is much less 
per ble to carbon dioxide than natural rubber. Initially, 100 liter Douglas bags were used 
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with correspondingly larger drums. The relatively stiff bags caused considerable damping of 
the respiratory excursions and, with increasing drum volume, the determination of oxygen 


uptake became less accurate. Small temperature changes caused large changes in volume, a 





fact previously discussed. Georg,2® with his large wooden box, had to use a copper baffle in 
the expiratory circuit to equilibrate the expired air with room temperature. Again, because 
only relative values are reported from bronchospirometry, these volume changes are relatively 
unimportant if both lungs consume the same amount of oxygen, and temperature changes are 
equal in both drums. The increase in volume due to temperature rise leads to erroneous results 
if one lung is nearly functionless. The 50-liter balloon is suitable for seven to fifteen 
minutes’ ventilation during bronchospirometry, depending on whether resting ventilation is 
equally distributed between the two lungs or is carried on chietly by one lung. During 
this time, the temperature, measured by a thermometer built into the drum, rarely changed 
more than O.2° C, During ten minutes’ spirometry, this maximal temperature variation 


caused a change in volume of only 2.5 ml, per minute. 





















































Fig. 1.—Three drum-balloon systems for ambient air recording spirometry. A, Air is 
haled from the balloon and returned into the drum around the balloon. The spirometer me! 








] V 
records volume changes. This apparatus produces a spirogram with downward slope if 
respiratory quotient is less than unity. Introduction of a soda lime cannister in the exp 
tory circuit produces a conventional spirogram whose upward slope corresponds to oxygen 
uptake. B, The patient exhales through the soda lime cannister of the spirometer into ¢ 
box. Two three-way valves placed at the junction of the tubing drawn in solid and in bri r 
lines permit instantaneous switching from ambient air to conventional closed spirometry ’y 
The inspiratory balloon on the left is filled with room air and the balloon on the right si S 
emptied. The balloon on the right slowly fills during the test period and samples can t 
be removed for expired air analysis. 

The three box-balloon systems, used by us, are illustrated in Fig. 1. In the first ond 
simplest system (Fig. 1, 4) the patient inhales room air from the balloon through a one-\ ay 
valve facing the patient and exhales into the box around the balloon through a one-way ve 


facing the box. A conventienal spirometer, with valves and soda lime cannister remove. is 
connected to the box with large rubber tubing. During inspiration, the volume in the | 18 
reduced as the balloon decreases in size and the spirometer bell descends. When the pai ent 


exhales into the box around the balloon the volume increases and the spirometer bell 
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In the system illustrated the respiratory base line falls slightly, since the respiratory quotient 
is ordinarily less than 1.0. If a soda lime cannister is introduced in the expiratory circuit the 
slope of the base line rises and corresponds to oxygen uptake. 

The second system (Fig. 1, B) is similar to the first except that balloon-box ambient 
air spirometry and conventional oxygen spirometry can be interchanged instantaneously and 
without interrupting the respiratory base line. This is made possible by the introduction of 
two three-way valves at the point where the solid and the broken lines meet. This system is 
used in the bronchospirometer described below. 

The third system (Fig. 1, C) makes it possible to obtain a spirogram, and at the same 
time provides for later analysis of the expired air. The inspiratory balloon, on the left, is 
initially filled with room air and the balloon on the right is completely empty. During spirom 


etry, the balloon on the left gradually empties and the one on the right fills with expired 





Fig. 2.—The ambient air bronchospirometer incorporates box-balloon system (B) of Fig. 
\bove the table level are the two spirometers with thermometers and ventilograph attach- 
a common recording drum with four pens for recording respiratory excursions and 


int’ -rated ventilation of each lung, a speed selector, a light for observation during fluoroscopy 
ul n aneroid manometer for inflation of the cuffs of the catheter. Two tanks are provided, 
Or ith oxygen for filling of spirometers and one with compressed air for filling of the bal- 
lo Below the table level are two airtight drums with plastic windows and thermometers ; 
b ns are suspended within. Above each drum are two three-way valves coupled in tandem 
0 mit instantaneous change from room air to oxygen-enriched atmosphere. Below the 
al 


i — and facing the patient, are four low resistance respiratory valves housed in trans- 
UK plastic. 
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gas. The spirometer records a conventional spirogram by reflecting volume changes in both 
boxes. Samples of expired air can later be taken for analysis from the balloon on the right. 
This arrangement is useful for study of alveolar-arterial oxygen difference, for determination 
of cardiac output during venous catheterization, and for any other experiment where a con 
ventional spirogram as well as ana'ysis of expired gas is desired. 

The Ambient Air Bronchospiron eter* .—The bronchospirometet shown in Fig. 2 combines 
two box-balloon systems of the type shown in Fig. 1, B with two 9-liter Benedict Roth spirom 
eters. In addition to combining the advantages of recording spirometry with those of 
constant composition room-air spirometry, the spirometers are fitted with Reichert ventilo 
graphs,38 which make possible direct reading of differential minute ventilation. Above the 
table level, four recording pens are seen in front of the common recording drum. The lower 
two pens record tidal excursions, vital capacity, and oxygen uptake. The upper two pens are 
connected to the ventilographs. Other controls above the table level include a one-inch and 
five-inch per minute speed selector, a small lamp for observation of the tracing during fluoros 
copy, and an aneroid manometer for control of inflation of the catheter balloons, Bot! 
spirometers are fitted with thermometers and soda lime cannisters. Mounted under the table 
are the two 30-liter airtight drums fitted with balloons. Large windows of heavy transparent 
plastic material comprise the posterior aspect of the cans. They enable observation of th 
extent of inflation of the balloons. Both cans are fitted with thermometers and small pet 
cocks. Two outlets of large bore are mounted above each drum. One outlet opens into the 
drum and the other into the balloon. The two outlets are guarded by large-bore, three-way 
gas cocks connected in tandem by a transverse handle. With the handles in the positior 
illustrated in Fig. 2 respiration proceeds as indicated by the solid lines of Fig. 1, B. The 
patient breathes room air from the bag and exhales through the soda lime cannister of the 
spirometer back into the outside of the box around the balloon. Movement of both handles t 
the right connects the patient to the spirometer as indicated by the broken lines of Fig. 1, B, 
permitting conventional oxygen breathing. The patient inhales from the spirometer and ex 
hales back into the spirometer through the soda lime cannister. The balloon outlet is als 
fitted with a pet cock. To fill the balloons with room air, the handles are turned to the right 
to isolate the drums from the spirometers, and both the drum and balloon pet cocks 
opened. Compressed air from the tank on the right ean then be introduced into the balloo: 
opening or suction can be applied to the box opening. The spirometers are filled with oxyg 
from the tank on the left through two additional pet cocks. The respiratory valves 
mounted under, and just in front of the table and connect directly with the tubing to t 
catheter, The valves are of the low resistance ‘‘J’’ type and are housed in transparent plas 
to facilitate observation of their action. The valves and cans are easily removed for repla 
ment and inspection. The balloons are likewise easily removed, but one pair of ba'loons } 
been in daily use at the author’s laboratories for over three years without becoming defect 


The entire instrument is mounted on casters and is semi portable. 


RESULTS 

Results of ambient air and oxygen bronchospirometry of three nor! 
volunteers are shown in Table I. These volunteers and the patients were cho 
from a larger group because they all had studies with room air first, follo 
immediately by conventional high oxygen tension spirometry. The tracings \ 
ot sufficient duration, quality, and regularity, both with oxygen and air bre: 
ing, to make strict comparison possible. 

In normal volunteers, respiration of the right lung, on the average, 
counted for 57 per cent of the total oxygen uptake. The actual share of func 


of the right lung was somewhat higher than 53 per cent, generally accepte: 
normal in the literature. However, it agreed with a number of other studi 


*This instrument was made by Warren E. Collins, Inc., 555 Huntington Avenue, Bb: 
Mass. 
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normal volunteers and patients with minimal tuberculosis performed at our 
laboratories. The extent of participation was the same during both oxygen and 
ambient air breathing. Mean ventilation for the right lung was 56 per eent of 
the total, corresponding well with oxygen uptake. 

The ventilation equivalent, expressed as number of liters of ventilation for 
100 ml. of oxygen absorbed, was about the same for both lungs. However, it was 
slightly lower for both lungs on oxygen than on room air breathing. A lower 
ventilation equivalent on oxygen breathing was observed throughout the studs 
both in normal volunteers and patients with all degrees of pulmonary involve- 
ment. The change from room air to oxygen breathing was not considered 
responsible for the lowering of the ventilation equivalent in the normal volun- 
teers, and only partly responsible in patients with pulmonary disease. In all 
these experiments room air bronchospirometry was carried out prior to oxygen 
spirometry. If the procedure had been reversed, a high oxygen concentration 
would have persisted in the patients’ lungs and invalidated the room air results. 
From observation of a number of routine bronchospirometries carried on in 
dupheate with oxvgen breathing, it was evident that considerable hyperventila 
tion always occurred during the first period of observation. It was due to the 
unaceustomed resistance of the catheter and spirometer, and the patients’ in 
ability to feel the movement of air in the upper respiratory passages. After a fev 
minutes of quiet breathing and a vital capacity effort, patients usually becan: 
accustomed to the catheter and voluntary hyperventilation was less marked dui 
ing the second effort, independently of the oxygen tension used, 

In twelve patients, moderate unilateral functional impairment was due to 
hemothorax, bronchogenic carcinoma, tuberculosis with or without thoracoplast) 
lobectomy, and phrenie nerve interruption (Table II). The mean oxygen uptak 
of the involved lung was 34 per cent of the total during both room air and oxygt 
spirometry. Oxygen uptake was identical under both conditions in six of thi 
twelve patients, and varied by no more than 2 per cent in the others. Ventila 
tion was reduced to a lesser extent than oxygen uptake—a elassical finding « 
bronchospirometry in unilateral disease. This caused a larger ventilatio! 
equivalent for the diseased lung than for the good lung. During both oxyver 
and room air bronchospirometry the involved lung ventilated nearly twice 
much as the good lung for the same oxygen uptake. As in normal volunteet 
hoth ventilation equivalents were lower during oxygen breathing. 

Patient No. 14 (Table IL) was selected from this group as a typical examp 
He was a 43-year-old man with moderately advanced left apical tuberculosis wit 
cavitation (Fig. 3). The bronchospirogram had the same appearance duri 
hoth room air and oxygen breathing (Fig. 4) 

The last seven patients shown in Table IIIT had almost functionless lungs | 
one side. The causes were bronchogenic carcinoma with distal atelectasis, fa 
advanced tuberculosis usually associated with atelectasis or empyema, trawnat 
hemofibrothorax, and, in one instanee, congenital absenee of the right p 
monary artery associated with a normal chest roentgenogram. During room 
breathing the mean oxygen uptake of the diseased lung was only 3 per cent of | 
total. On oxygen breathing it was increased to 12 per cent. This fourfold 
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‘ig. 3.—Chest roentgenogram of patient No. 14. Moderately 


cavities at the apex of the left lung. 





j 


advanced tuberculosis with 





Fig. 4.—Bronchospirograms of patient No. 14. On switching from room air to oxygen the 


netional participation of the involved lung remained unaltered. 
onchospirograms the upper tracing comes from the right lung. 


In this and the following 
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Fig. 5.—Chest roentgenogram of patient No. 16. Far-advanced tuberculosis, complicated by 
tuberculous empyema on the left. 








Fig. 6.—Bronchospirograms of patient No. 16. On room air breathing the left lung did 
articipate in oxygen uptake while on breathing an oxygen-enriched atmosphere the same 
was responsible for 12 per cent of the total oxygen uptake. 
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erease was attained by raising the oxygen tension in the inspired air from about 
160 mm. to about 300 to 500 mm. of mereury. The shift in oxygen uptake of the 
seven individual patients was never less than 2 per cent, and as much as 12 per 
cent in two instances. Relative ventilation was not affected by the shift to oxy- 
gen spirometry. Again, as in the previous group, oxygen uptake was more 
severely impaired than ventilation, though the group was not as consistent in 
this respect. In two patients, one with hemofibrothorax and one with an absent 
pulmonary artery, the affected lung ventilated more than the good lung, a not 
unusual finding. 

Two patients of this last group were selected for individual presentation. 
Patient No. 16 (Table TIT) was a 40-year-old man with predominantly left-sided 
far-advaneed pulmonary tuberculosis and a residual empyema due to an old, 
unsuecessful therapeutie pneumothorax (Fig. 5). The bronchospirogram (Fig 
6) had a different appearance on room air and oxygen breathing, though pro 
eedural hyperventilation was obviously more marked during the first effort. The 
left lung, represented at the bottom of the tracing, ventilated slightly, but the 
base line showed no elevation during room air breathing. With oxygen breathing 
there was a small but definite rise of the hase line; the oxvgen uptake was then 
12 per cent of the total on the left. 

The last patient, No. 22 (Table IIT), had an extensive thoracoplasty on the 





right six years prior to examination. The thoracoplasty failed, but further 
surgery was not attempted because of severe exertional dyspnea due to ecomplicat 
ing emphysema. Pneumonectomy was feasible only in the complete absence 
of function on the right side. However, on the roentgenogram the right lung 
appeared partially aerated (Fig. 7) making bronchospirometry necessary. Dur 
ing oxygen breathing it was responsible for 8 per cent of the total oxygen uptake 
On the basis of these studies, the operation was not done because it was felt that 
removal of even this little functioning lung tissue would not be tolerated. A few 
months later bronchospirometry was repeated with ambient air followed b) 
oxvgen (Fie. 8). Under normal conditions, breathing room air, the right lune 
did not participate in respiration. The lung was therefore removed, and afte 
a stormy postoperative period the patient recovered and has been well for tw 
vears. 


Patient No. 17 presented a physiologie problem entirely unlike the remaii 


Jt 


ing patients. Although the roentgenographie appearance of the lung fields w: 
essentially normal, angiocardiography did not reveal any pulmonary arteria! 
blood supply to the right lung. There were no other apparent congenital cardi: 
vascular defects. Bronchospirometry was performed under general anesthesi 
Because of this, arterial hypoxia existed during the test, while in most othe! 
patients arterial oxygen saturation was presumably normal. Information o 


tained from bronchospirometry and blood gas analysis while room air ai 





oxygen-enriched atmospheres were supplied permitted calculation of systen 





arterial flow through the right lung. A detailed analysis of these findings w 





be made the subject of a separate report.*° 
Accuracy of the Method.—The increase in the share of oxygen uptake of t -¢ 
diseased lung, upon changing from room air to an oxygen-enriched atmosph« 















BRONCHOSPIROMETRY 











g. 7.—Chest roentgenogram of patient No. 22. Far-advanced tuberculosis and a _ ten-rib 
thoracoplasty on the right. The disease is complicated by pulmonary emphysema and fibrosis 
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Fig. 8.—Bronchospirograms of patient No. 22. Although there was no participation in 


en uptake on room air breathing the right lung took up 8 per cent of the total oxygen 
i = oxygen breathing. 
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was often small. The limit of error of the technique should therefore be estab- 
lished. Conventional closed circuit oxygen spirometry is carried out in duplicate 
at our laboratories unless the procedure is interrupted by intolerable dyspnea, 
excessive accumulation of secretions, or uncontrollable cough.* Two suecessive 
four-minute periods, interrupted by a vital capacity effort, are deemed sufficient 
if breathing is regular and a good base line is obtained. If breathing is very 
irregular, periods from six to ten minutes are often required for satisfactory 
analysis. The position of the catheter is checked fluoroscopically and spot films 
of the trachea and upper bronchi are taken before, between, and after these two 
recording periods. The position of the catheter is often changed between the two 
tests. The first 320 duplicate tracings obtained in this manner were analyzed 
for the difference of results expressed in terms of per cent of total function. 
Results were then correlated with the three spot films. On 96 occasions the two 
tracings were not comparable due to accumulation of secretions, cough, technical 
difficulties or because the orifice of the left upper lobe was wholly or partially 
blocked by the distal balloon of the catheter during the first or second tracing.’ 
Oceasionally, either one or the other tracing was too short for satisfactory ap- 





praisal, Of the 224 duplicate tracings which were comparable, the participation 
of oxygen uptake of the involved lung expressed as per cent of the total oxygen 
uptake differed in the two tracings by 5 per cent or more on three occasions. 
The difference was + per cent three times, 3 per cent nineteen times, and 2 per 
cent or less in the remaining 199 duplicate tracings. The duplication of relative 
ventilation was not quite as good, and hyperventilation during the first effort 
appeared to favor the healthy lung. Consecutive vital capacity efforts duplicated 
poorest, incomplete efforts favoring the diseased lung. 

Since the oxygen uptake differed by only 2 per cent in 89 per cent of the 
duplicate tracings any larger difference during the present experiments was 

resumably due to the shift from room air to an oxvgen-enriched atmosphere. 


DISCUSSION 


The amount of oxygen taken up by each lung depends on the partial pres- 
re of oxygen within the alveoli, the permeability of the alveolar membranes, 
e oxygen tension of the pulmonary arterial blood, the time available for 
uilibration and the fraction of the right ventricular output delivered to each 
ng. Any one or all of these factors may be altered by oxygen breathing of 
th lungs. Of interest here is the mechanism by which the participation in 
‘gen uptake of the diseased lung may be increased out of proportion to the 
id lung. 

The partial pressure of oxygen within the alveoli of the uninvolved lung is 

‘eased from about 100 mm. Hg to about 300 to 500 mm. by breathing of an 
gen-enriched atmosphere. A much higher oxygen tension cannot be obtained 

closed system spirometer rebreathing because a considerable amount of 

i rogen, present in the lungs and tubing at the time of room air breathing and 
a maller amount liberated from the tissues during the oxygen breathing period, 
a: added to the initially pure oxygen. The oxygen dissociation curve is in its 
portion when the alveolar oxygen tension is only 100 mm. Hg. The increase 
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of alveolar oxygen tension due to oxygen breathing of the well lung has no 
appreciable effect on its oxygen uptake since the blood leaving it is 96 per eent 
saturated during the ambient air breathing.*! The situation may be very much 
the same in the diseased lung if the good portions of that lung are normally 
perfused, normally ventilated, and have a normal alveolar membrane. Its rela- 
tively low oxygen uptake must then be due to previous resection of the diseased 
portions or due to complete mechanical obliteration of the pulmonary arterial 
supply to the damaged areas by thrombosis, collapse, or kinking. More commonly 
there is a reduced pulmonary arterial blood flow to overdistended emphysematous 
areas and regions with distal bronchiolar disease. These segments are poorly 
ventilated because the local dead space is increased, the lumen of the supplying 
airway is diminished, and parenchymal and pleural elasticity are reduced. The 
partial pressure of oxygen in these regions is below normal during room air 
breathing and may fall to the level of that in the pulmonary arterial blood. 
High concentrations of oxygen in the inspired gas may raise oxygen tension in 
these underventilated areas sufficiently to effect capillary diffusion. This in- 
creases the relative participation of oxygen uptake of the diseased lung. Bjork- 
man and Carlens** have shown data from two patients of this type, one with a 
large cyst and the other with bronchiectasis. It is likely that the inereased 
partial pressure of oxygen in diseased areas and in parts of the lung adjacent or 
distal to diseased areas plays a major role in increasing the relative oxygen 
uptake on that side when the inspired gas is enriched with oxygen. 

The permeability of the alveolar membrane in the normal lung is sufficient] 
great so that, on ambient air breathing, practically no difference exists between 
the oxygen tension in the alveoli and in the eapillaries.** ** Again, the mem 
branes of ventilated and perfused areas in the poorly functioning lung may be 
perfectly normal. More often there will be localized areas of edema, thickening, 
and fibrosis. Even if the damaged areas are relatively well ventilated, the 
diffusion coefficient for oxygen will be so high that little or no gas erosses the 
membrane. If, on oxygen breathing, the partial pressure is sufficiently elevated, 
oxygen will pass into the blood stream even in the presence of reduced mem 
brane permeability. This has been demonstrated in diffuse disease involving a 
major portion of both lungs.** *° The same should be true if portions of a sing! 
lung are involved. 

The oxygen tension of the pulmonary arterial blood is the same for bot 
lungs. Its elevation due to bilateral oxygen breathing should not affect one 
lung more than the other as long as the pressure gradient between the alveol: 
oxygen tension and the pulmonary arterial oxygen tension remains the same « 
both sides of the membrane. 

The fraction of the right ventricular output delivered to each lung is fixe: 
within certain limits. The pressure in the two branches of the pulmonary arte 
is the same and the resistance to flow is greater in the diseased lungs under a 
circumstances. This increased resistance is, in great part, due to unaltera! 
mechanical reduction of the vascular bed by thrombosis, fibrosis, and collap 
In the remaining arterioles and eapillaries the resistance to flow may correspo! 
to that of an area of similar magnitude in the well lung. As the output from t 
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right heart increases during exercise, the blood flow through the two lungs in- 
creases in proportion to the resistance to flow offered by the two lungs, that is, 
in the same proportion as the flow at rest.*’ 

One may speculate that certain, as yet unexplained factors may be responsi- 
hle for an increased blood flow through the diseased lung during oxygen breath- 
ing. Euler and Liljestrand*® have measured pulmonary arterial pressure directly 
in anesthetized eats, and have noted an increased pressure following inhalation 
of gases with low oxygen tension, and a decreased pressure after pure oxygen 
breathing. The pulmonary arterial pressure effect of gases containing less 
oxygen than room air was confirmed in man by Motley and associates*? and in 
isolated perfused lungs by Nisell.*8 If the pulmonary blood flow varies inversely 
to the pulmonary arterial pressure, then these observations may explain the 
mechanism whereby perfusion is adapted to alveolar ventilation in different parts 
of the lung. Indeed, this was demonstrated in rabbits by a bronchospirometric 
technique by Dirken and Heemstra.*” 


Unlike the results of the previous two 
investigations, peripheral arterial hypoxia was avoided and changes in dil- 
ferential pulmonary arterial flow could be ascribed solely to changes in com- 
position of the inspired gas. Differential pulmonary blood flow was calculated 
from arterial blood analysis’? or from relative oxvgen uptake during brief 
intervals when both lungs were permitted to breathe the same gas.°° Lowering 
of the oxygen content of the gas to one lung often reduced local circulation to 
less than half of the original value with a corresponding increase of blood flow 
through the other lung. A decrease of the alveolar oxygen tension of only 2.5 
per cent reduced ipsilateral flow by 15 per cent. However, the adjustments re- 
quired several hours. Rahn and Bahnson performed bronchospirometry in dogs 
and were able to obtain the gas content of the arterial blood, the respiratory 
juotient and the metabolic exchange rate for each lung.’? From the data they 
ilculated blood flow through each lung by the Fick principle. Nitrogen breath- 
ng of the left lung reduced its blood flow from approximately 45 to 25 per cent 

the total cardiac output within ten minutes. The greatest shift of blood flow 
‘curred within one to three minutes after initiation of unilateral nitrogen 

eathing. The rapid changes corresponded closely to results of anoxia experi- 

nts by Euler and Liljestrand, and Motley and associates. 

These experiments suggest one of the mechanisms whereby the relative 
vgen uptake of the diseased ling may be inereased by an oxygen-enriched 
nosphere. During ambient air breathing many areas of the diseased lung are 
lerventilated with resulting low alveolar oxygen tension. According to the 

¢'denee presented, the resistance to blood flow in the diseased lung may be 
mented by many areas of intense vasoconstriction. With a rise of alveolar 
o°gen tension due to oxygen breathing this resistance should decrease to a 
®:-ater extent than the resistance of the normal lung whose vascular tone was 
no elevated during room air breathing. This unequal decrease of resistance may 
Ca ise a relatively larger share of the pulmonary arterial blood to flow through 
affected lung. 
More experimental evidence will be required before this mechanism of local 
‘tation of blood flow to ventilation ean be accepted. Lewis, Gorlin, and 
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Haynes*? have reeently subjected intact animals to breathing of oxygen-poor 
mixtures. They concluded that severe hypoxia does not alter pulmonary vascular 
resistance, on the contrary, it decreases this resistance and inereases eardiac 
output. On the other hand, if the peripheral arterial oxygen saturation was 
maintained above 55 per cent, hypoxia resulted in deereased blood flow and 
increased pulmonary resistance. Motley and associates’? made observations in 
normal man made anoxie, Dexter and associates”’ performed the corollary experi- 
ment. Pulmonary arterial pressure and eardiae output were measured in patients 
With pulmonary hypertension and echronie hypoxia due to emphysema and 
fibrosis. Breathing of oxygen-rich mixtures produced the expected reduction 
of pulmonary hypertension only in those patients who had an initially low 
cardiae output. Ferrer and associates** demonstrated similar changes when 
hypoxia was eliminated by treatment of the underlying pulmonary disease. 

The relative increase of oxygen uptake by the diseased lung on breathing 
oxygen must be primarily due to alterations in alveolar gas composition resulting 
ina more favorable gradient between the alveolar and pulmonary arterial oxygen 
tensions. An inereased blood flow through the diseased lung may oecur although 
further evidence is needed hefore this mechanism ean be removed from the realm 
of speculation. 


SUMMARY 


Previous work on ambient air spirometry was reviewed, and its application 
to bronchospirometry was discussed. 

Three systems for ambient air breathing and continuous recording otf 
respiratory excursions were described. The first permits constant room ail 
breathing and recording of respiratory exeursions, the second makes possible 
instantaneous switching to conventional oxygen rebreathing spirometry without 
interruption of recording, while the third allows for analysis of expired ait 
after spirometry. 

A bronchospirometer was described which contains twin drum-balloor 
systems for room air and conventional oxygen recording spirometry, as well as 
visible, low-resistanee, respiratory valves and ventilographs for integration 0 
differential ventilation. 

Three normal volunteers were examined by ambient air bronchospirometr 
followed by conventional oxygen breathing. The relative oxygen uptake fo 
the two lungs remained unchanged. 

Twelve patients with moderate unilateral pulmonary functional impairme! 
due to bronchogenie carcinoma, hemothorax, tubereulosis, and surgical eollaps 
or resection were studied. There was no difference of relative oxygen uptake « 
the involved lung on changing from room air to oxygen breathing. 

A third group of seven patients had severe unilateral pulmonary insuffi: 
ency due to far-advanced tuberculosis, hemofibrothorax, empyema, bronchoge) 
carcinoma with distal atelectasis, or congenital absence of one branch of t 
pulmonary artery. The mean oxygen uptake of the affected side was 3 per e« 
of the total on room air breathing and 12 per cent of the total on oxygen breat 
ing. 
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It was concluded that conventional oxygen bronchospirometry gives an in- 
correct impression of the functional participation of greatly damaged lungs but 
does not significantly alter results of bronchospirometry in normal volunteers 
and patients with but slight unilateral pulmonary involvement. 

The greater participation in oxygen uptake by the diseased lung on breath- 





ing an oxygen-enriched atmosphere was ascribed to an elevation of the oxygen 
tension in poorly ventilated alveoli sufficient to overcome the barrier of diseased 
alveolar membranes, and, in addition, pulmonary vasodilatation permitting a 
larger blood flow. 
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SPECTROPHOTOMETRIC DETERMINATION OF OXYHEMOGLOBIN 
SATURATION AND OXYGEN CONTENT OF BLOOD 





ALBERT Roos, M.D., ANp J. A. Ricu, B.S. 
St. Louis, Mo. 


EVERAL methods have recently been published for the determination of 
he. oxygen in blood by means of spectrophotometry. Thus, Nahas’ deseribed 
a technique using a specially designed cell of 0.1 mm. optical path. Hiekam 
and Frayzer? used 5 mm. cuvettes; their method was primarily designed for the 
measurement of differences in oxygen content between two blood samples of the 
same total hemoglobin content. Other recent and older publications on the same 
subject have been reviewed before.” 


The present method foregoes the need for a special cuvette, and an unlimited 





number of samples can be examined using the standard equipment of the mono- 
chromater. 
METHODS 


Principle.—The blood is hemolyzed and diluted in a closed system with a deaerated 
saponin solution of such high alkalinity that the oxyhemoglobin dissociation curve is 
maximally shifted to the left. Any tendency for the saturation to diminish, due to the 
dilution and its resultant fall in oxygen tension, will thus be opposed. In fact, there may 
even be a tendency for the saturation to rise, though a significant increase is prevented 
because of lack of oxygen in the system.* 

The optical density of the blood solution is then read at two wave lengths, and from 
these two values and the extinction coefficients of oxyhemoglobin and reduced hemoglobin at 
the same wave lengths the oxvhemoglobin saturation can be calculated. Neither the dilu- 
tion nor the optical path need be exactly known. The purpose of the dilution is to allow 
enough light to be transmitted at the selected wave lengths and optical path. Thus the 
need for excessively thin cuvettes! is circumvented. To find the oxygen content of the 

ood sample a separate measurement is performed for the determination of total hemo 
obin. 

Methods.—(a) Blood collection: 1 to 5 ml. of blood are anaerobically collected in a 

thtly greased syringe, the dead space of which has been filled with heparin solution. Im 

liately after the blood a small amount of mercury is drawn up, the needle removed, and the 
ringe closed with a two-way B.D. stopcock. Gentle tilting will allow intimate mixing of 
arin with the blood. 

(b) Preparation of alkaline saponin solution: 21.12 Gm. of boric acid and 13.65 Gm. 
NaOH are dissolved in 1 liter of distilled water (0.342M borate buffer). At 0.1M and 
C., this buffer has a pH of 10.82.4 It can be kept for several weeks, preferably in the 
igerator. On the day of the analysis a 5 per cent saponin (Eastman Kodak Company) 

so‘ution in this buffer is made up and deaerated in the Van Slyke-Neill manometric apparatus 
the conventional way. One drop of caprylic alcohol is added to prevent foaming. The 
so\ution is taken up in a syringe with,an adapter. The latter consists of a three-way B.D. 
cock attached through a short length of thick-walled rubber tubing to 3 to 4 inches of 
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glass tubing with tapered end fitted with a rubber tip (we used the end of a discarded 
pipette). The dead space of the syringe is filled with mercury. The tip is pressed firmly 
into the cup through some mercury. The first few milliliters of the solution in the Van Slyke 
machine are discarded through the side opening of the B.D. cock. <A fresh solution has to 
be made up every day. 


c) Dilution of the blood, transfer to cuvette, and reading: The saponin and blood 


, 
syringes are attached to each other by means of their stopcocks, both syringes lying on the 
table. After the dead space of the cocks is filled with solution and blood, the plunger of 
the blood syringe is slowly withdrawn and a volume of saponin solution one to two 
times that of the blood is transferred. Both syringes are closed, the blood syringe with its 
stopcock detached, and its contents shaken for a minute after which a 3-inch size 22 spinal 
needle bent at a 30 degree angle is attached. One to two milliliters of the blood solution ar 
discarded through the needle and its tip lowered and kept at the very bottom of the cuvett 
which is slowly filled. No oil is necessary as the light passes through the lower part of 
the cuvette which is separated from the air by an appreciable column of fluid. Readings 
should be made within two to three minutes at 600 and 505 mu. The latter wave length 
is an isobestic point for oxy- and reduced hemoglobin. As blank a similar cuvette is filled 
with an identical solution, replacing blood by water. 

d) Spectrophotometer and cuvette: Our studies were carried out on a Model B 
Beckman spectrophotometer using a slit width of 0.1 to 0.2 mm. and the blue sensitiv 
phototube. Under these conditions the effective band width is 2 to 3 mu. Any mono 
chromater with adequate resolving power should be suitable. The optical path of the 
cuvette is about 1 mm., obtained by placing a 9 mm. spacer in a 10 mm. cuvette. As knowl 
edge of the exact length of the optical path is not required (see calculations), plastic 
cuvettes with homemade plastic spacers are quite satisfactory. 

e) Determination of extinction coefficients: Fully saturated blood (equilibrated in 
3arcroft flask) is divided into two parts. On one part a gasometric oxygen analysis is per 
formed after which the appropriate deduction is made for dissolved oxygen; the second part 
is diluted with exactly equal volume of the saponin solution (not necessarily evacuated) after 
which its optical density at the two wave lengths is determined in a cuvette of exactly known 
optical path (about 1 mm.). To the remainder of the second part powdered Na,S,O,, 0.1 mg. 
per milliliter, is added, after which the optical densities of this reduced hemoglobin solution 
are determined. The average of a series of such determinations produces the average valu 
for the extinction coefficients; that is, the optical density per mM/L. per 10 mm. optical pat 
The values were found to be the same whether the blood was diluted one-half or one-third wit 
saponin solution. 

(f) Determination of total hemoglobin content: This is required if the oxygen content 
rather than oxyhemoglobin saturation of the sample, is desired. We used the conventional 
technique, diluting (in duplicate) 20 cu. mm. of blood in 10 ml. of distilled water, to which 
was added 1 drop of concentrated ammonia and measuring the optical density at 540 my in 
calibrated 10 mm. cuvette. A previously obtained calibration curve (against gasomet 


analysis) produced a straight line through the origin. 


Calculations: Aceording to Beer’s Law: 


1) O.D.sos = €s054(Cuvo, + Cup) and 
2) @2p.. : EsooHb02d¢ Hpos + €ooonrdCan, Where 
O.D. = optical density of the unknown sample 


e = extinction coefficient (optical density per mM/L. per 1 cm. optical pat 
ec = concentration (mM/L.) 
d = optical path (cm.) 

Also 


. . ¢ , 
Per cent oxyhemoglobin saturation = eee KD 


CHvo, + Cub 


































where Kx, and K, are optical constants. As only the ratio of the two optical densities of the 
unknown sample appears in the equation, neither knowledge of the exact amount of dilution 


nor thet of the exact length of the optical path is required. 
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With the use of (1) and (2) this becomes 


P €so0Hb OLD os E50 
(3) Per cent HbO, saturation : x 100 
Esoolb — €600HbO2 O.D.506 €sooHt Eso0H bOg 


Once the extinction coefficients have been determined, equation (3) can be reduced to 


: 5 ) . 
Per cent HbO, saturation = (« a 5 K; ) x 100 
. ).508 
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RESULTS 


The average values for the extinction coefficients of human blood using the 


Sun —= OU; Gane = Seek, EsooHbo, — 0.864 
ation (3) became therefore: 


. QF OD cus 9 2& v ( 
cent HbO, saturation — (2.369 ao 2.36 ) x 100 


Twenty-four blood samples with saturations ranging from 30 to 100 per 
were analyzed spectrophotometrically and by means of the conventional 
ometrie technique. Duplicate gasometric content determinations checked 
05 vol. per cent. The results are plotted in Fig. 1. The average of 
aturations obtained by optical means was 1 per cent higher; the standard 
ition of the differences was 1.5 per cent. The mean difference between 
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optical and gasometric oxygen capacity determinations was 0.06 vol. per cent. 
Both of the latter analyses were done on blood equilibrated with room air in a 
flask for about twenty minutes. 
DISCUSSION 

When one or two parts of the saponin buffer are mixed with one part of 
blood, the pH of the resulting blood solution becomes about 9.70. At pH 9.0 the 
maximal effect of alkalinity upon the position of the dissociation curve is 
reached.° Roughton and Root® studied the shape of the oxygen dissociation 
eurve of human 1:5 diluted blood solution at 25° C. and at pH of about 8.6 
The oxygen pressure for 30 per cent saturation was about 2, for 50 per cent 
about 3, for 90 per cent about 6 mm. Hg.’ Native human blood at 30 per cent 
saturation and pH 7.42 will have its original pO, of 16 reduced to 8 or 5 mm. 
He by respectively 1:1 or 1:2 dilution with oxygen-free saponin solution. These 
pressures are still in excess of the pO, at pII 8.6 at the same saturation, so that 


a trace of oxygen will be taken up by the hemoglobin. At average normal ¢a 





pacity the saturation would increase by at the most 0.2 per cent, at higher ea 
pacities by less than that. Similarly, at 90 per cent saturation the pO, will be 





reduced from 57 to 28 or 19 mm. He, resulting in a rise of at the most 0.6 per 
cent saturation. Thus only a part of the difference between optical and gaso 
metric measurements can be explained on this basis. An additional fact leading 
to a discrepancy in the same direction is the increase of 1 or 2 per cent in oxygen 
capacity during equilibration, leading to erroneously low saturation values b) 
the gasometric method.* These two factors may explain the slight difference be 
tween the means of the two groups of data. 

It finally should be pointed out that the method deseribed is based on the 
assumption of a two component system of hemoglobin and oxyhemoglobin. It 
neglects the small amounts of carboxyhemoglobin and of ‘‘inactive hemoglobin ”’ 


that may be present.** This is a feature common also to previous spectrophoto- 


metric methods, ineluding that of Drabkin." 


SUMMARY 


A spectrophotometric technique is described for the measurement of oxy- 
hemoglobin saturation and oxygen content of blood. In a series of twenty- 
four determinations the mean difference between parallel gasometric satura- 


tr 


tion studies was +1 per cent, with a standard deviation of the differences « 
1.5 per cent. 
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USE OF AN ARTIFICIAL KIDNEY 


III. CurRRENT PROCEDURES IN CLINICAL HEMODIALYSIS* 





WILLIAM P. Murpuy, Jr., M.D., Roy C. Swan, Jr., M.D.,** 
CaRL W. WALTER, M.D., JoHN M. WELLER, M.D., anp 
JOHN P. Merritt, M.D.,*** Boston, Mass. 
INTRODUCTION 


HE technique of circulating blood extracorporeally for the purpose ot 





dialyzing out metabolites present in abnormally high concentrations in body 
fluids in acute and chronic renal failure is being applied clinically in several 
centers today. The procedure presents problems in clotting, hemolysis, bleed 
ing, exsanguination, plethora, adequaey of blood flow through the apparatus, 
leakage, sepsis, air embolism, electrolyte and water balance, temperature con 
trol, and comfort of the patient. Experience in this laboratory with these prob 
lems has led to technical modifications which may be useful to those engaged 
in extracorporeal blood circulation in general and hemodialysis in particular 

Since earlier reports of technical and clinical experience with a modified 
Kolff artificial kidney,’** hemodialysis has been applied 165 times in 110 pa 
tients, bringing to 225 the number of times the procedure has been used clinical] 
in this hospital over a three and one-half year period. No death attributable to 
this procedure has occurred during this three and one-half vear experience, al 
though hemodialysis has been accomplished in three patients under 4 vears of 
age, fourteen patients over 70 vears of age, and in patients with such serious 
problems as extensive third-degree burns, peritonitis, shock, coma, congestive 
heart failure, profound anemia, and recent myocardial infarction. This report 
deals with technical changes designed to make the procedure of c¢linical hemo- 
dialvsis with the modified Kolff hemodialyzer safer, simpler, more efficient, and 
less costly in time and material. 


MATERIALS AND METHODS 


Technical Modification for Clinical Hemodialysis.—The modified Kolff hemodialyzer (Fig. 
1) receives blood from the radial artery through a rotating coupling to a dialyzing membrane 


consisting of a long cellophane tube wound spirally on a drum rotating in a bath. From 


the cellophane tubing blood passes through a distal rotating coupling and return pump ti 






reservoir, clot-catcher, and bubble trap from which the blood returns to a forearm vein. It H. 






is obvious that the dialyzing area should be large and the volume of blood in the apparatus 






small in order to inerease dialyzing efficiency and minimize the volume of blood required 
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fill the apparatus prior to dialysis. Blood should contact hemorepellent surfaces only. For 
ease and speed of assembly and to reduce opportunity for contamination, the number of 
parts and connections in the circuit should be minimal. These parts should withstand auto- 
claving after assembly without distortion of finely machined surfaces. With these aims in 


mind, the following changes have been made in the apparatus previously described. 


i. 





ITNT Ry 
j Ua ih i) Hy He 
Et ¥ 
‘ if j 


#3. 


Fig. 1.—Modified Kolff hemodialyzer. A, Filling burette (replaced by arterial lead 

en dialysis begins); B, flow meter; C, proximal rotating coupling; D, Cellophane on 

rotating drum; #, lucite hood; F, bath in lowered position; G, distal rotating coupling ; 
7, return pump; J, reservoir, clot and bubble trap; J, lead to vein. 


Tubing and Cannulae.—The nonautoclavable polyethylene cannulae, rubber connectors, 


and large bore plastic tubing have been replaced by smaller (5/16 inch internal diameter, the 


lameter of all other orifices in the apparatus) polyvinyl chloride tubing. The arterial and 


venous leads are prepared in advance by drawing out the ends into appropriately sized can- 
nu after softening and deplasticizing in mineral oil at 175° C. for a few minutes. The 
Cal ilae are deplasticized to a hardness ‘sufficient to prevent crushing by ligatures. A gum 


sleeve (1 inch long, ™% inch internal diameter 14, inch wall) is slipped over the end 
i cannula just before use to provide a self-sealing area for blood sampling and intra 


ven medication. Cannulae are made sufficiently long to allow the surgeon to trim them 
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to the desired length and cut a suitable bevel. Excessively long cannulae will introduc 
excessive pressure drop and decrease blood flow. Cannulae with sharp or ragged edges 


may strip the intima and become blocked. 


Couplings.—The rotating couplings (Fig. 2) are lined with Kel-F,* an extremely stable 


plastic resisting distortion during autoclaving and wear during the operation. The plastic 


parts are encased in a stainless steel shell revolving in a bronze bushing. The width of the 


inch to 1/32 ineh) to increase 


oO 


rotating plastic face has been considerably reduced (9/32 


surface loading. Blood leakage at the coupling has been completely eliminated. In order 


to stabilize the rotating member of the coupling, it has been lengthened, its bearing surfaces 


separated to approximately three and one-half times its diameter, and the loading spring 


on 


Y 


replaced by a beryllium copper spring washier. 





SPRING WASHER 


y 
7. 


ROTATING 
PLASTIC 
FACE 





BRONZE BUSHING 


6 = PLASTIC FACE 


4 i WY at 
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AW PLASTIC TUBING 


WKY LOCKING NUT 
LOCKING NUT FOR TUBING 














Fig. 2.—Exploded view of rotating coupling. 


Connections.—3/16 inch interval diameter polyvinyl tubing runs through the hollow 
axle of the drum and connects the coupling with the cellophane. A 1% inch length of 1% 
inch I.D. polyvinyl tubing slipped over one end and cemented with cyclohexanone gives 4 
firm autoclavable anchor for tying the cellophane tubing over the polyvinyl tubing with 
1%, inch cotton tape ties. The polyvinyl tubing is attached to all parts with flare-type cor 
tions (Fig. 4, D), the tubing being pressed over a ‘slight flare and held in place wil 
locking nut. This connection gives a uniform lumen with minimal turbulence. 

Cellophane.—138 feet of 23/32 inch diameter lay-flat cellophane tubing (22,000 sq.  m. 
of dialyzing area) is wound tightly about the drum. Any slack in winding or stretch du: ing 
operation accumulates at the distal end of the drum where it is taken up by a spring-lo: ‘ed 


support rotating about the main axle. The cellophane area above the surface of the ba 





*A tetrafluoroethylene plastic. 
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effective for dialysis because of the considerable amount of bath fluid which is carried up 
with the drum and drains back to the bath when the drum rotates at 26 r.p.m. Complete 
immersion of the drum, if technically possible, would destroy the pumping action of the 
helically wound cellophane loops. Considerably less than the usual extent of drum immersion 


still results in efficient dialysis, as is shown in Table I. 


ge VALVE SEAT 





—— FRICTION CONNECTION 
for PLASTIC SLEEVE 


PUMP CASING 


ne COMPRESSOR 





——VALVE ASSEMBLY 





I Ixxploded view of return pump. The flexible plastic tubing lying within the pump 
casing has been omitted from this drawing. 


Return Pump.—tThree forces propel blood through the apparatus. Arterial pressure 
se only to propel blood through the arterial lead, flow meter, and proximal rotating 
cou ing to the first cellophane loop. Thereafter, blood is propelled, independent of arterial 
pre- ire, by (a) the Archimedes screw principle of the helically wound cellophane tube, and 
(b pump (Fig. 3) returning blood from the terminal loop through a sealed clot and air 
bu trap to a peripheral vein. The return pump is a flexible polyvinyl tube 1 inch in 
dianter surrounded by a rigid Kel-F casing with a check valve at each end. The tube 
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is alternately distended and collapsed by negative and positive pressure from a modified 
refrigerator-type compressor, stroke 1144 inch, bore 114% inch, in phase with the rotating 
drum and begins suction when the distal end of the Cellophane tube is in its lowest position 
and thus full of blood. Any continuously acting pump, like the Beck pump, is unsuitable 


since, by creating suction when the terminal Cellophane loop is relatively empty of blood, 





it tends to draw air in through the interface of the distal rotating coupling. Such does not 
oceur with a correctly synchronized, intermittently acting pump such as the one deseribed. 
The pump parts are constructed of stainless steel, Kel-F, and polyvinyl chloride. Blood 


contacts hemorepellent surfaces only. 














Fig. 4 \utoclavable kit. A, rotating coupling; B, return pump; C, plastic reservoir, cl 
and bubble trap; D, Nylon tubing connector; FE, wrapped end for Cellophane connectio 
F, filling and rinsing burette. 


Clot and Bubbli Trap.—Blood from the return pump enters a venous reservoir servilg 
also as a clot and bubble trap. This is constructed of 1 inch diameter (0.032 inch wa! 
polyvinyl chloride tubing heat sealed at the ends. Glass beads act as clot catchers. Tlie 
3/16 inch tube at the top is clamped off when a satisfactory blood level and air cushion 
are established. Through this opening blood or air can be added or removed from the syst 
This arrangement affords a self-regulating positive pressure venous return since increased 


inflow from the pump tends to increase pressure within the reservoir, while reduced inflow 





results in progressively decreasing outflow as the pressure in the reservoir falls. The venous 








cannula is connected to the discharge side of the trap. 





Autoclavable Kit.—All the above parts are autoclavable. The rigid plastic parts 








nectors, couplings, pump valves, and casing) are made of Nylon or Kel-F and are reu‘cd. 





The polyvinyl parts are disposable. Except for the Cellophane and the flow meter, all ‘le 





blood conducting parts, together with a glass burette for rinsing and filling the appar us 
before dialysis, are assembled and autoclaved in an 11 inch by 16 inch aluminum contain 
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TABLE I. EXTRACTION RATIOS AT VARYING DEGREES OF DRUM IMMERSION 


Jo OF DRUM 


CIRCUMFERENCE UREA EXTRACTION 
IMMERSED RATIO 
A. Bath fully raised 40% 90% 
3. Bath raised half-way 25% SS% 
C. Bath touching 12% 85% 
Osmolarity of urea solution and glucose bath solution 33 mos. per liter 
Urea solution 89.5 mg. per cent urea nitrogen 


Flow — 200 ml. per minute 


Urea solution was dialyzed against an isosmotic glucose bath at three levels of drum 
immersion. Urea extraction ratio is the per cent urea removal in one passage through 
the apparatus and is an average of two ratios de.ermined at each level of drum immersion: 
(a) 92 per cent, 88 per cent, (b) 87 per cent, 89 per cent, (c) 84 per cent, 86 per cent, Urea 
was determined in duplicate by urease aeration method of Van Slyke and Cullen.* Variation 
of averages of duplicates is 0.33 mg. per cent. 

Flowmeter.—lIt is desirable to have a continuously indicating flow meter on the arterial 
side since the Cellophane tubing can be greatly distended if arterial flow exceeds venous flow 
for any length of time, and the patient made plethoric if arterial flow slows or stops. A 
flow meter on the venous side does not promptly reflect changes in arterial flow because 
blood requires about three minutes to pass through the apparatus. Of several types of flow 
meters considered, a simple rotameter seems currently most practical, giving an accuracy 
within 15 per cent) sufficient for clinical purposes. We are using a lucite rotameter* 
sterilized by soaking eighteen hours in 1:1,000 aqueous Zephiran R and inserted between 
the arterial cannula and proximal rotating coupling. The addition of the rotameter to the 
apparatus has not resulted in clotting or hemolysis. A rough calibration chart has been 
prepared by a mass plot of two or more calibrations taken during each dialysis on several 
patients with widely varying hematocrits. 

Bath.—The composition of the bath is indicated in Table Il. Minor changes are made 
lepending upon the clinical situation. Calcium and magnesium concentrations have been 
educed to approximately match ionized calcium and magnesium concentrations in normal 
plasma. Except for calcium chloride, all chemicals are added in the solid form as the bath 

being brought up to the 100 liter mark with tap water. The bath is then raised until 
e lower half of the drum is immersed, and a water seal is made between the bath and the 
ite hood covering the drum. 

Equilibration of the bath with 5 per cent carbon dioxide 95 per cent oxygen mixture 
oretically reduces the pH from above 8.0 to 7.4. In practice, however, a greater con 
tration of carbon dioxide is required because the volume of air under the hood which 
st be displaced by the carbon dioxide mixture is over 100 liters, and because some leakage 
gas occurs around the openings in the hood for the drum axle. Since the bath fluid is 

agitated by the rotating drum and continuously being carried up over the drum as a thin 
, admitting the carbon dioxideoxygen through a bubbler in the bath offers little advantage 

a simple connection in the hocd, Change in the bath pH during equilibration with 10 per 

carbon dioxide 90 per cent oxygen mixture is shown in Fig. 5. Calcium chloride, 
iously weighed out in individual paper containers and stored in a desicecant-containing 

ister, is dissolved in approximately 50 ml. of warm water and added through one of the 
tures in the plastic hood after the bath has been equilibrated for fifteen minutes with 
mn dioxide. 

TABLE IT. 3ATIL COMPOSITION 


GMS/100 L MOS/I MEQ/I 
D 660 226 113 
N 10, 225 54 26.8 
K 30 8.0 +.0 
M . 6H,O 10 15 1.0 
Ce . 2H.0 18.5 3.8 25 
G) se 200 10.0 Na* — 140 
303.3 Cr = 120 


“Furnished by Mr. Harry Barker of the Westinghouse Electric Corporation. 











442 MURPHY, SWAN, WALTER, WELLER, AND MERRILL 


In practice we no longer attempt te match bath osmolarity with plasma osmolarity 
in each patient by the addition of a calculated amount of glucose. The bath is made up 
to osmolarity equivalent to normal plasma. No large or consistent weight change results 
during dialysis. 

Following dialysis the stainless steel bath tank and drum are washed with tap water. 


The use of detergents and antimicrobial agents has been eliminated. 
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Fig. 5.—Change in bath pH during equilibration with 10 per cent carbon dioxide at 15 I. 


per minute for ten minutes followed by 2 L per minute thereafter. The pH of bath wa 
determined at 38.5° C. by the method of Hastings and Sendroy.® 


Procedure.—Clotting time is determined, and 2 pints of blood are typed and cros 


matched on the day before dialysis. On the morning of dialysis, the patient is sedated ar 
weighed. Food is withheld. The autoclaved parts are attached to the machine. The Cel 
phane, which has been previously soaked overnight in water on a reel to remove the glycet 
softening agent and boiled in two thirty-minute washes in an automatically timed bath, 
wound on the drum. Fifty mililiters of bank blood diluted with saline are run in from 
filling burette to test the system for leaks. The system is then flushed with 3 liters 
saline and filled with 500 to 700 ml. of citrated bank blood. The bath is made up 
kept at 39° C. 

Meanwhile, the surgeon, having exposed the radial artery and a forearm vein, cannul: 
the vein, and through the cannula injects an appropriate amount of heparin, usually 100 
He then cannulates the artery and collects arterial samples for chemical analysis. 
venous and arterial leads are allowed to fill with blood, are connected to the apparatus, 
dialysis begins. Adjustable clamps on arterial and venous leads balance inflow and out! 


Distention of the terminal cellophane loop and change in blood level in the elot and 
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bubble trap are early indications of imbalance between arterial and venous flow. Venous 
flow frequently lags behind arterial flow at the beginning of dialysis -because cool blood in 
the return tubing may cause a transient venospasm. This can be relieved by the local appli 
cation of heat. Thereafter venous tlow improves and arterial flow is usually the limiting 
factor.* 

Arterial flow depends in part upon the caliber, length, and position of the cannula, which 
in turn depend upon the nature of the vessel and the surgical skill employed. A 14% to 2 em. 
incision Over artery and vein, the insertion of an arterial cannula with a 1 to 2 mm. inside 
diameter, and a venous cannula with a 2 to 3 mm. inside diameter will usually produce a 
150 to 300 ml. per minute blood flow, a desirable range for the procedure. The apparatus 
is capable of handling 400 ml. per minute. At flows less than 100 ml. per minute dialysis 
is inefficient and clotting may occur. Hemodialysis is continued for six hours. 

Clotting Hemolysis and Pyrogen Reactions.—Under the above circumstances there is no 
hemolysis as observed by hourly hematocrits. On a few occasions, using bank blood older 
than two weeks, we have observed very slight hemolysis in the first half-hour, the plasma 
pigment diminishing progressively thereafter. if the flow is greater than 100 ml. per 
minute, 100 mg. of heparin initially and 10 mg. hourly satisfactorily prevent clotting and 
does not result in seepage around cut-down sites. We have not found a close correlation 
between clotting time and tendency to clot in the apparatus, and in practice we no longer 
follow clotting time during dialysis. We have on oecasion discontinued heparin administration 
after the second hour (120 mg.) and have not observed clotting during the subsequent four 
hours. It is our feeling, however, that less than 150 mg. of heparin for the six-hour period 
will not uniformly prevent clotting and will effect merely a slight saving of heparin at the 
possible expense of wasting much time and opportunity if clotting should stop the dialysis. 
Four mild pyrogen reactions have been observed in the last 165 runs. 

Antibiotics—We continue to prophylactically administer penicillin on the morning of 
and evening following dialysis, but we have not systematically investigated the need for 
this. Except for an occasional suture abscess at the cut-down site, we have not seen infec- 
tion resulting from the procedure. 


DISCUSSION 

That a mechanically simpler, more compact, equally safe and efficient hemo- 
lialyzer will eventually be available seems likely. Currently, however, efforts 
this laboratory and elsewhere to devise such an apparatus have fallen short 
success through failure to appreciate the strueture of the dialyzing mem- 
ane, the principles of diffusion through semipermeable membranes, and the 
draulie principles of flow across the surface of the membrane.  Dialyzing 
iclency is dependent not only on the ratio of the membrane area to which a 
en volume of blood is exposed, but also on membrane thickness, total pore 
a per unit area of membrane and, for larger molecules, on the average radius 
he pores of the membrane. It is also most significantly dependent upon film 
istanee resulting from the laminar flow of bath liquid and the more viscous 
id adjacent to the membrane. In the apparatus originally devised by Kolff, 
factor of the film resistance is ingeniously minimized by the rapidly rotat- 
drum to an extent not yet achieved by mechanically simpler stationary 

odialyzers. 


In attempting to reduce the size of the apparatus for portability and bed- 


S use, one must recognize, however, that the procedure is by and large an 
e ‘ive one, seldom being required on such short notice as a few hours. As 


*Wolf and associates* has shown that the volume of blood in the Cellophane loops varies 
blood flow through the apparatus. 
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such this procedure deserves its own special room. Considering the surgical 
equipment and space required for arterial and venous cannulation, carbon diox- 
ide evlinders, cellophane boiler, sink and storage space for chemicals and steri- 
lized equipment, it is obvious that, at least for a hemodialyzer built on the Wolff 
principle, reducing the size of the unit eventually reaches the point of the tail 
wagging the dog. 

The mechanical ability required to assemble and operate this apparatus 
clinically is not great and can be acquired in a few weeks. The knowledge of 
eardiorenal disease required to decide when the procedure can be usefully ap- 
plied is, of course, far less readily acquired. 

The authors wish to express their gratitude to Dr. David Hume and members of the 
surgical house staff for their skill and care in performing the cannulations, and to Dr. John 
Pappenheimer, Department of Physiology, Harvard Medical School, Mr. George Jernstedt, 
Westinghouse Electric Corporation, and Dr. Gilbert Monet, Du Pont Company for indicating 


to us some of the factors in dialysis herein discussed. 


SUMMARY 


Technical improvements contributing to the safety, effectiveness, and sim- 
plicity of elinieal hemodialysis are described. These inelude the substitution of 
autoclavable hemorepellent plasties, a technique for making satisfactory arterial 
and venous cannulae, redesign of the rotating coupling and venous return pump, 
reduction in the number of parts and connections and the time required for 
assembly, changes in bath composition and a more satisfactory concentration 
of bath pH. Principles of clinical hemodialysis and extracorporeal blood ecireu 
lation are discussed. 


Materials and equipment referred to herein may be obtained from the following sources 
polyvinyl tubing, Irvington Varnish and Insulation Co., New Jersey; Kel-F, Plax Corporation 
Hariford, Conn., Cellophane, Visking Corporation, Chicago: cyclohexanone and plastic clot 
and bubble trap, Fenwall Laboratories, Inc., Framingham, Mass. The Hemodialyzer is fabri 
cated by Edward A. Olson, Ashiand, Mass. 
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USE OF THE WHOLE BLOOD OXIMETER DURING CARDIAC 
CATHETERIZATION 
HERBERT S. HARNED, JR., M.D..* Paunt R. Luriz, M.D..** 
CHARLES H. Crotuers, M.D., AND RutH Wuirremore, M.D. 
New Haven, Conn. 


HE purpose of this study was to evaluate the accuracy of the cuvette or 
2 whole-blood oximeter in measuring absolute oxygen saturation values and 
to evaluate the oximeter as an aid to the operator at the time of cardiae cathe- 
terization. The instrument used was a commercially produced cuvette oximeter 
similar to that developed by Groom and Wood.! 

Karl Matthes,** in 1955, was the first to develop the use of photoelee- 
trimetry for measuring the oxygen saturation of blood and to develop the 
oximeter, an instrument which could be applied to measurements of arterial 
blood in the human ear. Kramer*° concurrently was studying spectral trans- 
mission characteristies of human blood and had shown that Beer’s law of optical 
absorption applied to hemoglobin in unlaked red blood cells. Kramer developed 
an instrument that measured transmitted visible red light of 620-770) milli- 
microns, where oxyhemoglobin transmission is far better than reduced hemo- 
vlobin, but his instrument did not compensate for variations in hemoglobin 
concentration. Matthes’ oximeter by using simultaneous red and green light 
absorption—where the red light absorption was a function of oxyhemoglobin 
and the green light absorption a function of total hemoglobin—-was capable ot 
measuring the ratio of oxyhemoglobin to total hemoglobin and thus oxyhemo- 
vlobin concentration. 

Oximeters have been modified further by Matthes and Gross,* Goldie® and 
Squire’ in England, Hartman’ and McClure,’ Millikan,'? and Wood and asso- 
‘lates! in the United States. Various absorption ranges have been used, 
Squire employing visible red and near infrared, Goldie visible red and_ blue, 
nd Millikan and Hartman visible red and green. It is Wood’s belief'’ that 
ince the ear absorbs nearly all light of wave lengths shorter than 600 milli- 
e \icrons and since the gelatin filters used by the investigators uniformly transmit 
ear infrared light, Goldie and Millikan were recording near infrared light 
iring earpiece oximetry instead of the blue or green as they had supposed. 

A modification of the Millikan earpiece oximeter’? was widely used in this 
untry during World War II. This instrument required adjustment to a 
own value of arterial saturation (usually 98 to 100 per cent with the subject 
eathing air or 100 per cent oxygen), while the earpiece was in place in order 
correct for the amount of ear tissue and blood in the optical path. Changes 
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in the amount of blood in the optical path were then compensated by bucking 
the output of the infrared cell against that of the red photocell. The Hartman 
oxyhemograph® operates similarly, except that the photocurrents are amplified, 
thus avoiding the use of the very sensitive galvanometers of the d’Arsonval 
tvpe used in the Millikan oximeter.*° 

The accuracies reported by various investigators suggest that the Millikan 
-arpiece oximeter shows a standard deviation of the differences between oximeter 
and Van Slyke values of 4 to 4.2 per cent. The Hartman instrument has been 
found to register within 2.5 per cent of Van Slyke values in 93 per cent of dual 
samplings in the high saturation ranges. As the result of an exhaustive study 
of the use of the earpiece oximeter, Wood!'* '* 1° developed a technique for 
measuring absolute arterial oxygen saturations. He reported a standard devi- 
ation of the difference between oximetry readings and simultaneous Van Slyke?! 
oxygen saturation determinations of 2.9 per cent in the saturation range of 15 
to 100 per cent. 

The earpiece oximeter has had wide applications to high altitude physiology 
and to aviation medicine as in human centrifugation experiments. It has been 
proved a useful instrument for study of arterial oxygen saturation during surgi- 
cal anesthesia.® ?°? The instrument has been used effectively in physiological 
studies of patients with congenital heart disease,*°-** and has been used for 
determinations of circulation times.?*°* The oximeter has been used for study 
of eases with bulbar poliomyelitis and for evaluation of the efficacy of respirator 
treatment of severe poliomyelitis cases.** Oximetry has been a valuable aid in 
the performance of the hypoxia test for evaluation of patients with coronary 
artery disease and of patients with various types of congenital heart disease.** 
Methods for determining eardiae output are also being developed where the 
earpiece oximeter is employed to measure an estimation of ‘‘mixed venous 
blood’’ as well as a value for arterial oxygen saturation.*® ** Studies of the 
oxygen saturation of arterial blood of newborn infants by earpiece oximetry) 
have been performed.** 

METHOD 

During diagnostic cardiac catheterization of thirty-eight children, ranging in age fro1 
3 months to 15 years, whole blood oximetry was performed immediately prior to sampling fo 
chemical analysis, The maximal time lapse between the two methods never exceeded twent 
seconds. 

All subjects were in a fasting state and most children below 8 years of age had receive 
sodium pentothal per rectum and intravenously. In the experience of the authors, a ‘steady’ 
state is well maintained by these measures. 

Technique of Cuvette Oximetry Determinations and Calculations.—The oximeter* us‘ 
in the study consisted of a ‘‘cuvette’’ cell, two galvanometers, a control box containit 
switches and potentiometers, a storage battery, and extension cables and plugs. In the cuvet! 
cell, there was a multiple incandescent light source, a polyethylene tube with an intern 
volume of 0.5 ml. compressed to an ellipsoid with lumen depth of 0.58 mm. by a brass maskit 
plate, and selenium barrier layer type photoelectric cells covered by appropriate gelat 
filters. The polyethylene tube presented a proximal segment for attachment to the end of t 


catheter and a distal segment through which negative pressure was applied by syringe 


*The oximeter employed was manufactured commercially by the Waters-Conley Compa 


of Rochester, Minn. 
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move the column of blood from the eatheter through the cuvette. With this instrument, trans 
mitted light was registered simultaneously in two different spectral regions, near infrared 
(750-900 millimierons) and red (600-750 millimicrons ). 

This cuvette was calibrated before the present study in accordance with the method of 
Dr. Earl H. Wood.17\ The double-scale galvanometer had 100 equal seale divisions for both 


red and infrared. The two cell circuits were set to read 100 with saline flowing through the 




















cuvette (Ro and JRo). The red and infrared deflections were recorded during slow flow of 
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Fig. 1. 


od through the cuvette (Rn and IRn). A sample for chemical analysis was taken within 
enty seconds. A calibration curve was made by plotting chemical determinations of per 
tage saturation against simultaneously determined oximetric ‘‘log ratio’’ values derived 


follows: 


(1) log ratio — log (Ro/Rn) ~ log (IRo/IRn) 
s calibration curve for 100 determinations is shown in Fig. 1. 
A nomogram (Fig. 2) was then established from this calibration curve to permit more 
enient direct reading of percentage saturation from subsequently observed Rn and IRn 
ings. A series of integers spaced through the empirically occurring range of IRn (ten 


igh twenty-one for this cuvette) was assumed. For each such number the Rn reading 
esponding to each of a series of conveniently spaced percentage saturation levels could 
aleulated. This resulted in a series of curves for each IRn plotted against percentage 
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saturation on the ordinate and Rn logarithmically on the abscissa. The Rn reading for each 
IRn reading was computed as follows: IRn was assumed; IRo was 100; ITRo/IRn was ealeu 


lated; its log was taken. Transposing equation (1) gives: 
2 log (Ro/Rn) — log ratio x log (I1Ro/IRn) 


Log ratio for the assumed percentage saturation was read off the calibration curve. Log 
») 


(Ro/Rn) was then available by multiplication as in (2). Its antilog, Ro/Rn, was found. Ro 


being 100, Rn was found by dividing Ro/Rn into 100, 
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Fig. 2. 


Technique for Chemical Analysis.—Samples for chemical analysis were collected in 2 ml 
all-glass syringes which had been previously lubricated with mineral oi! and moistened wit! 
sufficient 10 per cent potassiu:n oxalate solution to fill the dead space. Immediately after thi 
cuvette oximeter readings had been made, the springes were attached directly to the end ot 
the catheter and blood samples withdrawn. After it was ascertained that no air bubbles wer 
present, the blood samples were sea’ed under mercury and were placed in an ice and wate 
bath. All samples were remo ved from the ice water bath immediately before analysis, whic! 
was done in all instances within six hours of sampling. Duplicate determinations of th 
oxygen content were carried out on 0.04 ml. aliquots of each sample by a modification of thi 
Roughton-Scholander technique.39-41 The analyses were carried out simultaneously by tw 
technicians, and the determinations were considered satisfactory when they checked with 
0.5 volume per cent before reduction to standard temperature and pressure conditions. Oxygt 
capacities were determined by transferring a 0.9 ml. aliquot of blood from representatiy 
samples during the procedure to a 20 ml. bottle and equilibrating with room air for thirt 
minutes on a mechanical rotator, before analysis by the microgasometric¢ technique. 
Calculations.—Values for oxygen content and capacities were expressed in volumes p 
100 m!. of blood under standard conditions of temperature and barometric pressure. From t! 
observed total oxygen capacity, the amount of oxygen carried in physical solution under cond 
tions in the Roughton-Scholander tonometer was subtracted. Percentage oxygen saturation 
were calculated by the formula: 
Total O, content — dissolved O, 


O, saturation (%) — 100; : 
: Corrected O, capacity 


The values for dissolved oxygen were taken from data published elsewhere.*9, 42 
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The accuracy of 0.15 to 0.20 volume per cent for gasometrie oxygen analyses reported 
by Roughton and Scholander is of the same order as has been found in our laboratory. In 
lower saturation ranges the error by the modified Roughton-Scholander method has been 
larger than in high saturation ranges. It is our impression that this microgasometriec method 


has many technical advantages over the Van Slvke method while preserving a high degree of 





accuracy. 
RESULTS 

Accuracy of the Instrument.—Thirty-eight patients were studied and 190 
cuvette oximetry readings were available for comparison with simultaneous 
gasometrie analyses. The over-all standard deviation of the difference between 
the two determinations was 4.2 per cent. This error was influenced markedly 
hy poor agreement of the methods below gasometrice saturations of 70 per cent. 
The standard deviation was 3.6 per cent in the ranze of gasometrice saturations 
of 70 to 100 per cent, which ineluded 145 of the 180 comparisons. The standard 
errors would appear excessive for the use of the cuvette oximeter values under 
the conditions of the study as substitutes for the gasometrie analyses or for eon- 
sideration of the values obiained as absolute determinations. 

Inaccuracy in the lower saturation ranges has been repeatedly noted in 
studies of earpiece oximetry,'* *" °* but was not noted by Groom! in his study 
of the whole blood oximeter where an over-all standard deviation of the differ- 
ences between oximetric and Van Slyke determinations of only 1.8 per cent 
oxygen saturation was observed. A wide seatter of values in the lower satura- 
tion ranges was observed by us as shown by the calibration curve (Fig. 1). No 
significant improvement in accuracy resulted from use of curves other than that 
illustrated. Although it has been demonstrated that the use of a polychromatie 
light source in the oximeter, Beer’s law cannot be applied accurately to blood 
solutions, it would seem unlikely that this would explain the large seatter in 

ie lower saturation ranges observed. 

Possible errors in the study as it was constituted include: (1) errors in 
eading the oximeter, (2) errors in reading the nomogram, (3) changes in volt- 
re supplied to the light source between samplings, (4) variations in the rate 

flow through the euvette eell,* (5) variations in the volume of blood between 
e light sources and photocells, (6) variations in the patient’s ‘‘steady state”’ 
t suspected by the operator, and (7) minor changes in the position of the 
theter. All of these factors would, of course, be operable in the high satura- 
m ranges as well as the low. The greater error in gasometric analysis of 
mples of unsaturated blood may account in part for the larger differences 
ween the two techniques in the lower saturation ranges. 

Clinical Diagnostic Applications.—Despite the inaccuracies discussed above, 

cuvette oximeter has proved very useful during diagnostic cardiae cathe- 

ization. 

(a) Representative Sampling.—Ilt is most important during cardiae eathe- 

zation that representative samples be taken from the sites selected. These 
s\ iples should approximate as closely as possible the average mixed blood 
Sc aration of the chamber or vessel sampled, and such factors as proximity to 


Wood'? has shown that calibration curves with blood stationary in the cuvette cel! 
significantly from those with slow flow through the cuvette. 
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a source of highly unoxygenated or highly oxygenated blood and laminar flow 
in chambers should be considered. For example, a representative sample of right 
auricular blood should be taken from mid right auricle and not in the stream 
of blood from the coronary sinus, superior vena cava, inferior vena cava, or a 
left to right shunt through an atrial septal defect. The euvette oximeter allows 
multiple sampling in a chamber with ‘‘on the spot’? evaluation of the location 
of the catheter tip by fluoroscopy so that a representative sample may be ob- 
tained. By this technique, x-rays for location of the catheter tip and gasometric 
determinations of multiple samples from each chamber may be reduced in 
number. 

(b) Presumptive Diagnosis During Cardiac Catheterization.—Determina- 
tion of arteriovenous and venoarterial shunts has been one of the most important 
aspects of diagnostic cardiae catheterization. If an arteriovenous shunt is pres- 
ent, oxygen saturation values at the site of the shunt and at points distal to 
the shunt are higher than those at proximal sites. For example, in a ease of 
interventricular septal defect, higher oxygen saturations will be observed in the 
right ventricle—where the stream of highly saturated blood from the left 
ventricle enters—than in the right auricle and superior vena cava. If a signifi- 
cant venoarterial shunt is present, peripheral arterial samples will be un- 
saturated. The whole blood oximeter has proved suecessful in providing a 
presumptive diagnosis of arteriovenous shunt at the time of cardiac catheter 
zation. 

Table I presents the diagnoses made after a review of the cardiac catheteriza 
tions of the thirty-eight patients. For diagnosis of patent ductus arteriosus a 
one volume per cent increment in gasometrically determined oxygen content be- 
tween distal right ventricle and pulmonary artery was considered necessary and 
for diagnosis of interventricular septal defect, a one volume per cent increase in 
oxygen content in a right ventricular sample over proximal samples was ac 
cepted. Diagnosis of interauricular septal defect was made when the oxygen 
content of the right auricle exceeded the averaged vena caval oxygen content b) 
two volumes per cent. 

Eighteen eases of arteriovenous shunt satisfied the above criteria for diag 
nosis. In seventeen of these cases, cuvette oximetry saturations were available 
for comparison with gasometrically determined saturations at points proxim: 
and distal to the shunt. In Table II, the increment (Dg) of oxygen saturatio 
between the sample drawn proximal to the shunt and that drawn distal to it 
analyzed gasometrically is recorded for each patient, and this is compared wit 
the increment (De) between the same sites determined by cuvette oximetr 
Listed also are the differences of the cuvette increments from the gasomet} 
increments (De—Dg) expressed as per cent oxygen saturation. Presumpti 
diagnoses from cuvette oximetry are compared with the diagnoses after gas 
metric samples were reviewed. 

In eleven of the seventeen cases, cuvette increments of 8.0 per cent oxyg 
saturation or greater were observed between the sites proximal and distal to 1 
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TABLE T. DIAGNOSES BY CARDIAC CATHETERIZATION STUDY IN 38 PATIENTS 


DIAGNOSIS BY CARDIAC CATHETERIZATION — | NO. CASES | PATIENTS’ INITIALS 
Interventricular septal defect 5) OB. 8. eG. debe bev, 
Interventricular septal defect by passage of 1 S. M. 

catheter 
Eisenmenger’s complex 3 GB; DIG: Deg 
Interventricular septal defect plus patent 1 D. B. 

ductus arteriosus 
Patent ductus arteriosus 3 PCS die tee nae Wie 
? Patent ductus arteriosus ] M. E. T. 

Patent ductus arteriosus plus coarctation of 1 M. B. 

the aorta 
Patent ductus arteriosus (no cuvette sam | G. B. 

ples obtained at site of arteriovenous 

shunt) 

Interauricular septal defect 2 ICG 
Interauricular septal defect by catheter 1 M. J.C. 

passage not demonstrated by cuvette o1 

gasometric saturations 
? Interauricular septal defect 1 E. M. 

Interauricular septal defect plus interven 2 BiG3) JE: 

tricular septal defect 
Interauricular septal defect plus valvular 1 EC. 

pulmonic stenosis 
Interauricular septal defect plus anomalous 1 M. K. 

right pulmonary vein emptying into right 

auricle plus other abnormalities 
Pulmonie stenosis (valvular) ] J. M. 

Tetralogy of Fallot plus interauricular 2 et oe eh 

septal defect 
No diagnosis made by cardiac catheteriza 11 J. Ba. BC. Boe. 82¢.,. P.D:; 

tion alone ois... 0. Be, Bs, Co Bayids 5 

R. Z 


shunt. In four cases increments of 6.0 to 8.0 per cent oxygen saturation were 
noted, and in two eases increments of only 2.0 and 4.0 per cent oxygen satura- 
tion were observed. 
From the data from all thirty-eight cases, the largest increment in oxygen 
ituration observed by cuvette oximetry where no significant increment was 
ited by gasometric analysis was 6.0 per cent, and no other increments greater 
in 4.5 per cent oxygen saturation were observed. The patient showing the 
‘rement of 6.0 per cent oxygen saturation by cuvette oximetry showed a gaso- 
‘trie increment of 3.7 per cent oxygen saturation (0.67 volume per cent oxygen 
tent) between the right ventricular outflow tract and the pulmonary artery. 
is child (A. B. in Table II) was in congestive failure at the time of cardiac 


heterization and developed a eardiae arrhythmia. Both methods revealed a 
h ventricular septal defect with increments of 16.5 per cent oxygen saturation 
cuvette oximetry and 16.4 per cent by gasometric recordings between mid 


t ventricle and right ventricular outflow tract. 

Two other cases are presented where cuvette oximetry challenged the diag- 
lis by gasometric analysis. In the first ease, E. M., an increment of 15.0 per 
¢ oxygen saturation was observed between inferior vena caval and right 
a icular euvette samples compared to an increment of 10.1 per cent oxygen 
Se iration and 1.6 volume per cent oxygen content by gasometrie analysis. In 
tl ease, the catheter was readily passed into the left auricle directly from the 
ri. .t auricle. Presumptive diagnosis of interauricular septal defect by cuvette 
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TABLE IT. COMPARISON OF CUVETTE INCREMENT AND GASOMETRIC INCREMENT IN PER CENT 
OXYGEN SATURATION WITH CORRESPONDING DIAGNOSES 
GASOMETRIC | DIFFERENCE | 
CUVETTE INCREMENT (DC) | INCREMENT BETWEEN | 
AND SITES OF SAMPLES (pe) De AND Dg z 
PATIENT (PER CENT) (PER CENT) | (PER CENT) CUVETTE GASOMETRIC 
D. B. 7.0 (RV-RA) 9. -2. [VSD* IVSD* 
A. B. 16.5 (RV outflow-RV mid) i. +0, High IVSD High IVSD 
6.0 (MPA-RV outflow) 3. +2. ?PDA eieaies 
M. B. 14.5 (MPA-RV outflow) Be 6 PDA PDAt || 
G. B. 20.0 (RV-RA) 6 124 IVSD IVSD}t 
19.5 (RA-SVC) 9.6 —(). TASD TASD 
38.0 (RV-RA) 3.¢ Das IVSD IVSD 
8.9 (MPA-RV) : Ze PDA PDAt 
14.0 (RV-RA) 20.5 3.3 IVSD IVSD 
11.5 (RA-SVC) 5 3. TASD TASD 
2.0 (RV outflow-RV apex 5.6 3.6 IVSDt 
18.5 (mid RV-RA) 20.6 2 [VSD IVSDt 
7.5 (mid RV-RA) of ie. IVSD IVSD & IASD$§ 
20.0 (RV-RA) 20.2 dy IVSD IVSD 
4.0 (RV-RA) 4 AS, =e IVSD & TASDS$ 
15.0 (RA-IVC) ; ! [ASD ?TASD 
6.0 (MPA-RV outflow 6 2.6 PDA PDA|| 
1.5 (MPA-RV outflow g, f fe PDA (?) 
12.0 (RV-RA) 13.3 IVSD IVSD 
7.0 (MPA-RV outflow ) 2.6 5.6 PDA PDA|| 


MPA—Main pulmonary artery; RV—right ventricle RA—right auricle; SVC—superio 
vena cava; I1VC—inferior vena Cava. 


DIAGNOSES 


*Plus PDA by passage of catheter into aorta through ductus (proved by operation). 
*Diagnosis of coarctation of aorta made by direct arterial pressures. 
tDiagnosis of Eisenmenger’s complex made on basis of arterial unsaturation. 
§No cuvette SVC samples taken for demonstration of IASD. 

Proved at operation by Dr. W. L. Glenn. 


oximetry was supported by physical examination and roentgenologic findings. 
A second case, M. E. T., revealed an increment of only 4.5 per cent oxygen 
saturation by cuvette oximetry between right ventricular outflow and main 
pulmonary artery samples compared to an increment of 9.0 per cent oxygen 
saturation (1.6 volumes per cent oxygen content) by gasometric analysis. 
Absence of a continuous murmur in this 8-year-old girl casts doubt on the diag 
nosis of patent ductus arteriosus made by gasometric¢ analysis. 

Therefore, of seventeen eases where a diagnosis of arteriovenous shunt was 


made by gasometric analysis using the criteria specified, fifteen had revealed 


presumptive evidence of shunt by cuvette oximetry at the time of cardiac 
catheterization. In one case, cuvette oximetry revealed an arteriovenous shunt 
not confirmed by gasometrie analysis, but probably correctly located, and 
another case cuvette oximetry did not reveal an arteriovenous shunt which w 
probably fictitiously localized by gasometrie sampling. One case showed proba! 
fictitious evidence of an arteriovenous shunt by cuvette oximetry which was 1 
confirmed by gasometric analysis. 

None of the other cases in the group of thirty-eight patients present 
significant increments for comparison. Femoral artery samples were taken 
direct puncture on all patients, but because of technical difficulties inherent 
this procedure, no samples of femoral artery blood were taken for ecuv: 
analysis. The effectiveness of the whole blood oximeter in determining 
presence of venoarterial shunts was not evaluated in the present study. 
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Under the conditions of the study, the cuvette oximeter measured increments 
in oxygen saturation more accurately than it measured absolute oxygen satura- 
tions. In the above discussion, rigid criteria were used for the diagnosis of an 
arteriovenous shunt. It has been shown*® that these concepts of a significant 
increment necessary to demonstrate an arteriovenous shunt are too rigid in view 
of the considerable inherent variability of right heart samples during diagnostic 
eardiae catheterizations, even when uninfluenced by a shunt. Thus, a series of 
samples showing repetition of an increment is more significant than a single 
pair. The cuvette oximeter, by giving instantaneous indication of an inerement 
in saturation of borderline significance, can prompt the operator to take a series 
of samples about the point in question. Likewise, if increments can be repeatedly 
demonstrated by multiple cuvette sampling proximal and distal to an arterio- 
venous shunt, the diagnosis may be established far better than by single proximal 
and distal gasometrie samples. The ease of determining oxygen saturation of the 
blood by cuvette oximeter in contrast to the laboriousness of gasometrie tech- 
nique makes multiple sampling by the cuvette feasible in such instances. 

The presumptive diagnostie evidence gained at the time of cardiac catheter- 
ization by use of the whole blood oximeter was of value in decreasing the time 
of the procedure and of great value in aiding the operator to adapt the proce- 
dure to meet the individual diagnostie problem. 

(ec) Unusual Locations of the Catheter Tip.—Not intrequently during 
cardiae catheterization, the catheter tip was passed into an unusual location 
which was not readily discerned by the operator. Under certain cireumstancees, 
pressure tracings and fluoroscopic examination with the eatheter tip in these 
unusual sites were not diagnostic for the chamber or vessel involved, During 
the eardiae catheterizations included in this study, unusual locations entered 
neluded (1) the hepatie vein or renal vein from the inferior vena cava, (2) the 


coronary sinus via the right auricle, (3) the coronary sinus via a persistent left 


perior vena cava, (4) the right auricle via a persistent left superior vena cava 
nd coronary sinus, (5) the left pulmonary vein via an interauricular septal 
feet and the left auricle, (6) the right pulmonary vein (aberrant) from the 
‘ht auricle, (7) the aorta via an interventricular septal defeet, (8) the aorta 

a patent ductus arteriosus, and (9) the distal pulmonary artery with 
ipling of pulmonary eapillary blood. All of these locations have been re- 
ted entered by others, often by design. The cuvette oximeter has aided in 
immediate identification of these unusual locations, although at times con- 
iatory pressures need be taken. Time formerly spent in recording pressures, 
ing x-rays, and performing chemical analyses in order to locate the tip of the 
ieter has been saved. 

(d) Evaluation of ‘‘Steady’’ State During Catheterization —On certain 
isions, changes in the patient’s basal state and circulatory dynamies, at times 
larming nature, were detected by the cuvette oximeter. On several occasions, 
nall children with pulmonie stenosis, a lowered saturation was noted as the 
eter was placed in the pulmonary artery. If this saturation was strikingly 
r than a sample previously obtained from the right ventricle, the catheter 
assumed to be significantly occluding the pulmonary outflow and it was 
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withdrawn immediately. Also, mild eardiae irregularities not severe enough to 
cause termination of the procedure without other evidence of cardiae embarrass- 
ment, were at times accompanied by significant drops in saturation by cuvette 
oximetry, which warned the operator of impending danger. 

(e) Cardiodynamic Studies During Cardiac Catheterization._lkrom the 
present study, it beeame apparent that the cuvette oximeter might be widely 
used for studying different aspects of cardiae physiology. Oxygen saturation 
measurement during the use of volatile anesthetic agents which interfere with 
usual gasometrie techniques, studies of the pathological changes in congenital 
eardiac patients subjected to various forms of stress, and the use of the cuvette 
oximeter during hypoxia tests represent suggested applications. Burchell and 
associates? *° have used the cuvette oximeter and earpiece oximeter for simul 
taneous determinations of arterial and mixed venous blood saturations in pa 


tients with evanotie congenital heart disease. 


SUMMARY 

The use of the whole blood or euvette oximeter during cardiae eatheteriza 
tion was studied by employing a commercially produced oximeter similar to that 
developed by (groom and Wood. 

Comparisons of 190 cuvette oximeter recordings from thirty-eight eases of 
suspected congenital heart disease were made with samples analyzed by a 
modification of the Roughton-Scholander microgasometrie method for blood 
oxygen saturation. 

Under the conditions of the study, the over-all standard deviation of the 
difference between the two methods of 4.2 per cent and the standard deviation 
of 3.6 per cent for the gasometric saturation range of 70 to 100 per cent would 
appear excessive for the use of the cuvette oximeter values as substitutes for the 
gasometric analyses or for consideration of the values obtained as absolute 
readings. 

The use of the whole blood oximeter at the time of cardiae catheterization 
provides information of value pertaining to (1) immediate presumptive diag- 
nosis, (2) sampling from representative sites, (8) unusual loeations of 
catheter tip, and (4) basal state of the patient. 

Under the conditions of the study, more accuracy was obtained in determin 
ing increments between blood oxygen saturations recorded successively by tie 
cuvette oximeter than in determining absolute values. Of seventeen cases where 
a diagnosis of arteriovenous shunt was made by gasometrie analyses, fifteen h 


given strong evidence by oximetry of shunts such as those later diagnosed. O1 


one case showed presumptive evidence of an arteriovenous shunt by oximet 
who did not show evidence of a similar shunt by gasometrie analyses. 

Cuvette oximetry was a most useful adjunct to the technique of diagnos 
eardiae catheterization. 


The authors are indebted to Miss Dorothy Nixon, Miss Evelyn Haller, Mrs. Aug 
Vandervliet, Mrs. Madoris Winters, and Dr. Frank Gray for their assistance in this stud) 
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THE CONVERSION OF MILLIKAN AND WOOD TYPE OXIMETERS 
INTO DIRECT-WRITING RECORDING INSTRUMENTS FOR USE 
IN SURGERY, IN STUDIES OF PULMONARY FUNCTION, 

AND IN TEACHING RESPIRATORY PHYSIOLOGY 
JoHN F. Perkins, Jr., M.D., Wittram E. Apams, M.D., AND 
Htusperta LivINGstonre, M.D. 

CuHIcAGo, ILL. 

WITH THE TECHNICAL ASSISTANCE or RicHarpD A. WeEaAvVER, A.B., 
WituiAM H. JonHnson, B.S., AND S. H. Bryant, B.S. 


HIS article deseribes the relatively simple technical procedures whereby 

an individual with only moderate experience in electroni¢s can assemble a 
Millikan or Wood type recording oximeter at minimal cost. Three of us, students 
respectively in Medicine (R. A. W.) and in Physiology (W. H. J. and 8S. H. B.), 
have constructed four such intruments, no two exactly alike. Two are of the 
Millikan, relative reading type and two are of the Wood, absolute reading type. 
This article is written in response to requests from visitors to the University 
of Chieago Clinies for details of construction of these recording oximeters. 
Neither a contribution to the basie theory of oximetry, nor a first account of 
recording oximeters (see ‘‘Brief Review of Principles’? below), it is directed to 
those physicians and scientists from hospitals, medical schools, and universities 
who may wish to have a reliable recording oximeter assembled in their labora- 
tories. To our knowledge, no detailed instructions for this purpose are now 
available. 

The first of our recording oximeters was assembled in January, 1950, 


because it was believed it would be useful in treating a patient in whom it 
became necessary for one of us (W. E. A.) to undertake closure of several 
arteriovenous shunts in the patient’s lung. The other lung had been removed 


i years earlier for the same condition.' The resulting instrument con- 
ted materially, we believe, to the successful management of the case,? not 
at operation, but as a means of evaluating the pulmonary reserve of this 
nt before and after operation. In the ensuing two years the four recording 
‘ters assembled in our laboratory have been used in the University of 
20 Clinies on over 250 patients during surgery. In addition, they have 
ised in pre- and postoperative studies of pulmonary function on over 80 
ts, in studies of pulmonary function on animals with experimentally 
ced pulmonary lesions, in measurement of cardiae output in infants 
iildren by the dye method of Nicholson and associates,* in determination 
ration of blood with carbon monoxide by a new method,‘ and finally in 
om the Departments of Physiology and Surgery, University of Chicago. 


lis work has been aided by a grant from the U. S. Public Health Service. 
ceived for publication, June 14, 1952. 
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laboratory exercises in courses in mammalian physiology. During this period 
the recording oximeters have been found to posses certain advantages over thi 
galvanometer type instruments, as follows: 

(a) Ruggedness: The readings of the unit are virtually unaffected b: 
the occasional jostling which any instrument may receive in the close quarters 
of the operating room. Moreover the instruments themselves are not readily 
damaged by vibration, as shown by the fact that two of them were recentl) 
transported 900 miles by automobile without special packing, and functioned 
satistactorily upon arrival at their destination, and upon return. 


(b) Visibility: By means of electronic amplification a pointer moves from 


8 to 12 inches along a seale, permitting ready visibility on the part of the 


surgeon. 

(c) Continuous automatic recording of the oxygen saturation has been ob 
tained on permanent charts showing the complete time course of changes in 
oxygen saturation occurring during surgery of the heart, great vessels, and 
lungs, during the use of various types of anestheties,° and during studies of 
pulmonary function in human beings and animals.* 

(d) Speed of response: Two of these instruments have a period, or re- 
sponse time of approximately one second, representing a fraction only of the 
response time in the galvanometers regularly used with barrier cell oximeters. 
This rapid response has revealed, for example, marked shifts in oxygen satura- 
tion correlated with respiration in anesthetized dogs. 


BRIEF REVIEW OF BASIC PRINCIPLES OF OXIMETRY 


For a detailed description of the basic theory of oximetry, as developed over the past 
twenty years by Nicolai,7 Millikan,s-10 Kramer,1!1 Matthes,12 Matthes and Gross,13 Brinkman 
and Wildschut,14 Squire,}5 Hartman and MceClure,16 Goldie17 Wood and Geraci,18 and 
Wood,19, 20 Elam, Sleator and associates,21, 22 and Paul,23 the reader is referred to the review 
articles of Wood,2° Comroe and Wood,24 and Elam and associates,21 as well as to the original 
articles cited, Only a brief description of the principles of oximetry will be included here. 

Detecting Units, Millikan and Wood Oximeters.—The ‘‘heart’’ of these oximeters is 
(1) the oximeter earpiece, which fits over the pinna of the ear, and (2) the oximeter cuvette 
for whole blood. Each contains two selenium barrier-layer photocells, one receiving red light, 
the other infrared light. The blood, in the tissues of the ear or within the lumen of the 
cuvette, is interposed between a source of light and the photocells. In cyanosis the bluish 


tint of the blood absorbs red light in a relation proportional to the logarithm of the per ce! 
saturation of the hemoglobin. As a result, the ‘*red’’ photocell receives less light and there 
fore produces less voltage. 

The photocell for infrared is utilized to compensate for the quantity of hemog! bm 
present in the ear or in the cuvette, and for the opacity of the tissue of the ear. This plote 
cell is virtually insensitive to changes in oxygen saturation of the blood. By adding its 
electrical output algebraically to that of the photocell for red, Millikan,1° obtained an in (ru 
ment which, while responsive to changes in oxygen saturation, was largely unaffecte 
changes in the quantity of the blood present in the tissues of the ear. The Millikan oxi) «te! 


has, in the ten years since its development, proved extremely valuable, having extensi\ 


during World War II in the training of fliers who were to go to high altitudes, an: 
sequently during studies of pulmonary and cardiac function,24 during anesthesia,25, 2° ant 
in teaching respiratory physiology. Two of our recording oximeters, while utilizing the 
Millikan earpiece, have been used in over 100 operations, in several of which they have | ved 
invaluable. In spite of its excellent record, the Millikan oximeter has certain limita’ ons. 
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AND WOOD OXIMETERS 
It must first be set to the per cent saturation of the arterial blood (97 per cent in normal 
subjects breathing air, 100 per cent if breathing oxygen, Van Slyke analyses required in 
chronically cyanotic patients). In this sense, then, the Millikan oximeter is a ‘‘relative 
reading’’ instrument. Its initial settings may, moreover, gradually change or ‘‘drift’’ slightly. 

The Wood oximeter, representing the first ‘‘absolute reading’’ oximeter, was described 
in 1949 and 1950 by Wood and Geraci,18 and by Wood.19 Its earpiece is similar to that of the 
Millikan oximeter, but there has been added a pressure capsule, arranged so as to render 
the ear bloodless while making the initial instrumental setting for a given subject. Wood’s 
‘‘two-seale’’ instrument requires simultaneous readings of galvanometers connected respec- 
tively to the ‘‘red’’ and ‘‘infrared’’ photocells. From these readings, the per cent saturation 
can be calculated or read from a nomogram once the instrument has been calibrated with 
the help of ingenious filters developed by Wood for the purpose, or by means of Van Slyke 
analyses. Wood’s ‘‘single-scale’’ oximeter gives direct readings without calculations, though 
its accuracy (S. D. 2.6 per cent for saturations above 95 per cent, 5.2 for those below), is 
somewhat less than that of the two-scale instrument. Among the advantages of the Wood 
oximeters are: (1) they can be used to measure the oxygen saturation of chronically cyanotic 
patients whose blood does not reach 100 per cent even when breathing pure oxygen, (2) the 
instrument may be reset at any time, thereby minimizing errors due to drift. 

Requirements of an Amplifying Unit for a Recording Oxrimeter.—The ‘‘difference’’ 
voltage from the two photocells of the Millikan or single scale Wood oximeter is of the 
order of 1 millivolt or less. While sufficient to swing a very sensitive galvanometer, this 
voltage is not large enough to operate a stable, direct coupled amplifier capable of driving 
a direct writing device. 

Millikan27 solved this problem in 1942 by using photoelectric amplification. In this 
technique, previously developed for other purposes, a beam of light, reflected from a mirror 
mounted on the moving coil of a galvanometer, comes to fall on various portions of adjacent 
photocells. The output of the photocells is led to a direet-coupled amplifier which operates 
the recording device. 

In 1944 Hemingway and Taylor28 constructed a recording oximeter which utilized a 
new type of high-gain ‘‘contact modulated’’ amplifier developed by Liston and associates,29 
working in the General Motors Laboratories in World War II. Another recording oximeter 
using this type amplifier was deseribed in 1948 by Hartman, Behrmann, and Chapman,3° 


who, with their colleagues,25, 31,32 have had extensive elinical and research experience with 
their “recording oxyhemograph.”’* Using deteeting units of modified design, Elam and 


associates21, 22 have utilized the Liston-General Motors amplifiers in their recently developed 
ree ling oximeters. 

A “condenser modulated” amplifier, employed in the Foxboro “Dynalog Recorder” 
Was employed by the Coleman Instrument Co. in a recording ‘‘ Anoxia Photometer’’ manu 
factured in 1949.+ In 1950 we assembled a recording oximeter utilizing, so far as we know 
for the first time for this purpose, a Brown ‘‘Electronik Pyrometer-Potentiometer.’’ This 
Brown Instrument, also developed during World War II, contains a “chopper” or contact 


modulated amplifier. A description of the details of construction of this and the other 
recoding oximeters assembled by us follows. The total cost, including labor, of each instru 


men’ has ranged from $700 to $2,000. The four units are described in the order in which 
they were constructed, which happens also to be the order of increasing cost. 


UNIT NO. 1. MILLIKAN RECORDING OXIMETER, WITH BROWN ELECTRONIC 
POTENTIOMETER (FIG. 1) 


‘OMPONENT Parts.—(1) Earpiece: Millikan-Coleman oximeter earpiece,i 
Wit! 10 toot shielded cable and Jones plug No. P-806. (2) Control Bor: Any 


Manufactured by Photocon Research Products, 1062 North Allen Ave., Pasadena 7, Calif. 
Recording “Anoxia Photometer” manufactured by Coleman Instruments Co,. Maywood, 


ul, ee and approved’in that year by Council on Therapy of A.M.A. No longer in production 
as 952). 


‘ntil recently manufactured and sold with or without associated oximeter control box 


dl ilvanometer by Coleman Instruments Co., Maywood, IIl. At present no longer in 
rod) 


tion though it is hoped that production will be resumed. 
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small metal cabinet as used for electronic apparatus is suitable. For Unit No. 
we used a war-surplus metal cabinet 8 by & by 4 inches in size to house the rel: 
tively few components of the cireuit. In Unit No. 2 a commercially availabl 
sloping front cabinet was used, while for Unit No. 3 a special stainless ste: 
cabinet was made to order. (3) Brown Electronik Potentiometer:* Series 15 
Circular or Strip chart instrument; time for full-scale deflection varies with dif 
ferent models from twelve down to two seconds. We were fortunate enough 





Fig. 1 Recording oximeter—Unit No. 1. For operation with the Millikan-Coleman 
earpiece shown, together with the calibration filter, in front of the Brown Electronik Pyrom- 
eter. The latter was modified, as described in the text, so as to give full-scale deflection 





With 500 microvolts. 








The unit is mounted on a Wheeled table similar to that shown in Fig. 6. A ground she 
With heavy spring clip is provided. Note: The instructions in the text provide f an 
oximeter scale running in a direction cpposite to that shown for greater convenience in Act 





ing the chart. 








receive, from another department of the University, a circular chart Brown |: lec- 





tronik Potentiometer Pyrometer which had been used to measure temperatiires 
from 0 to 800 ° C. This was modified as deseribed below. (4) Wheeled T. ble: 


Any rugged table of wood or welded steel and mounted on easters with | rge 












wheels can be constructed (Fig. 6). A drawer for storing the earpiece and « ler 





*Minneapolis-Honeywell Regulator Company, 580 Wayne Ave., Philadelphia 44, Pa 
Brown Instrument Division. 
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components is a useful addition. ‘suitable wheeled tables originally designed 
for restaurant or other use are often commercially available (Fig. 8). (5) 
Storage Battery, Radio Type: Exide No. 3LXGH-9, with glass case and flotation 
halls which indicate degree of charge, has proved satisfactory. An automobile 
type battery is unsuitable, since it is permanently damaged if thoroughly dis- 
charged one or more times. (6) Battery Charger, Trickle Type: Mallory No. 
6AC4-2 is suitable. The charger must be entirely disconnected from battery and 
110-volt A.C. line while the oximeter is in use. 

WIRING THE ContROL Box.—F ig. 2 shows the modified Millikan cireuit used 
in Unit No. 1. The original compensated Millikan circuit!’ was developed for 
use with a galvanometer having a critical damping resistance of 50,000 ohms. 
ven when modified for high impedance input, the standard Brown instruments 
will not tolerate input impedances much over 5,000 ohms. For this 
the Millikan circuit was modified as shown in Fig. 2 so as to present an im- 
pedanee not greatly exceeding 5,000 ohms to the input of the Brown instrument. 


reason, 
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Fig. 2.—Modified Millikan oximeter circuit used in Unit No. 1. 
vitch contacts in order to minimize contact resistance. The voltmeter (V) reads from 0 
volts. The earpiece, containing the “I.R.” cell, the “Red” cell and “earpiece light source,” 
wn at the extreme left of the circuit diagram, with its five wires leading directly into 
nes plug, the connections for which are shown. 


It is preferable to double 


The component parts, which should be of highest quality, are shown in the 
it diagram. A helical type potentiometer, providing continuous fine ad- 
ient, may or may not be required in the circuit from the ‘‘red’’ photocell. 
iring should be done with especial care, using wire and rosin core solder 


0i gh grades in order to minimize spurious potentials and current leaks. 
’"RECAUTIONS AGAINST SPARK Hazarps, IF EquipMENT Is to BE Usep WITH 
F; 


MABLE ANESTHETICS OR GASES.— 
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Note: The authors of this article hereby assume no liability for spark hazards 
in equipment built according to these instructions. While certain suggestion 
for avoidance of spark hazards are given it is assumed that persons directing 
the construction and assembly of this equipment are familiar with the principles 
involved in eliminating spark hazards in operating rooms and laboratories and 
will assume full responsibility for such hazards. 

Sparks are not likely to originate in the measuring circuits of the contro 


box or Brown Potentiometer, inasmuch as the voltages involved are of the orde! 


of millivolts. Sparks could originate in: (a) the 6-volt circuit leading fron 
the storage battery to the lamp in the earpiece, (b) the 110-volt, A.C. eireuit 
leading to the Brown instrument or other amplifying and recording devices 
The precautions taken against sparks were as follows: (a) 6 volt lamp circuit: 
Heavy, rubber-covered lamp cord was soldered (not clamped) directly to the 
terminals of the storage battery and was then led through a rubber grommet 
in the back of the control box to the appropriate terminals inside. For turning 
the earpiece lamp on and off, a glass-enclosed mercury switch was used. A metal 
clamp was provided on the back of the control box to hold the Jones plug 
securely in place. The earpiece cord should be checked periodically for possible 
breaks in the 6-volt cireuit. (b) 110-volt, A.C. circuits to Brown instruments: 
The Brown amplifier was connected permanently to the 110-volt power cord. A 
mereury switch was inserted in the circuit to the motor whieh drives the chart 
The 110-volt power leading from the instrument was plugged into and secure) 
taped to a safety-type extension cord approved for operating room use. 


MopiFicaTion OF BRowN CLaAss 15 ELECTRONIK INSTRUMENTS FOR Usk With 
RECORDING OXIMETERS.—Sinee many “Class 15” Brown instruments are in use 
in various laboratories in this country, not only for measuring temperatures 


but for various other purposes, we are deseribing the several steps necessary to 


convert them into amplifier-recorders for oximetry. They may readily be reco 
verted to their original functions if desired, 


Because they are not available in simplified form from the Brown Compan) 


the following instructions, derived partly from the 350 page Brown Servi 
Manual No. 15019M and Brown Bulletin No. B15-10, partly from local ser\ 
representatives of the Company, and partly from personal experimentati: 


are included here. Though our own experience has been limited to the pyrom- 


eter-potentiometer type of Brown instruments, it should be possible also to adap 


the resistance thermometer instruments for recording oximetry by means 
information furnished by the Brown Company. 

(1) Increasing Sensitivity of Standard Amplifier: The input transtforier 
and first stage of the Brown amplifier are shown in Fig. 3, A. The sensitiy t) 
of the amplifier is increased by removing resistor R-13 and changing condet ser 
C-1 to 0.0083 MFD.* The amplifier can be removed from the eabinet without 





disconnecting the flexible cables which lead into the amplifier. 











*For those desiring utmost sensitivity, the value of this condenser can be deter 
somewhat more precisely by tuning the circuit to 60 cycles according to the principl 
resonant circuit theory. 
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(2) Increasing the Input Impedance: A damping eireuit is employed 
in the input of the Brown instrument as shown in Fig. 3, B. When it is desired 
to modify the instrument for an input impedance of 5,000 ohms, the cireuit 
shown in Fig. 38, C should be used. In the cireular chart instruments, Cp and 
Rp, damping condenser and resistor, respectively, are located under a removable 
plate near the standardizing switeh at the upper left portion of the instrument. 


INPUT TRANSFORMER FOR NARROW SPANS CHANGE 
STANDARD AMPLIFIER AS FOLLOWS 
BLUE YELLOW OR WHITE TO INCREASE SENSITIVITY 









REMOVE R-I3 CHANGE 
C-I TO 003 MFO 
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RED 0 @” 
- a INPUT TUBE 
a] © 3 7F7 
w 
o| = 0 
oa ° 
| ° x C-5 
=) © a 
uJ ! ! 
wi ed 
a 
A & — 
INPUT CIRCUIT — BROWN AMPLIFIER 
R SLIDE WIRE 
INPUT COLD JUNCTION sbcp WW\ 
TERMINALS nasil 
B STANDARDIZING SWITCH 
ORIGINAL CIRCUIT 
2500 OHMS SLIDE WIRE 
INPUT @— pee Y 
TERMINALS 6-8 MFD, NA 
owe l a = oy 
STANDARDIZING SWITCH 
C NEW CIRCUIT 
Fig. 3.—A, Simple modifications necessary for increasing the sensitivity of the standard 
! wn amplifier. Resistor No. R-13 is removed, and condenser No. C-1 is changed to 0.005 
D This portion of the amplifier may be identified by locating the leads from the input 
t former as they pass to the input tube, No. 7F7. B, Original input to measuring circuit 
I imping and compensating Brown instrument for use with thermocouples. The modifica- 
t described in the text include removing the cold junction and changing the value and 
| on of Resistor “Rp” and the value of condenser “Cp,’’ as shown in Fig. 3,C. C, Modified 
circuit which permits usnig Brown instrument with an input source measuring 5,000 
ile strip chart instruments these parts are located on the rear of the input 
nal block. A good quality oil-filled (not electrolytic) condenser is to be 
S ituted for Cp. If possible, this condenser should be selected by testing 
Wa sensitive galvanometer so as to be free of potentials in excess of 2 to 3 
n volts. Because of its relatively large size, this condenser will probably 
to be placed in a new location within the cabinet. A radio type, or wire- 
M | resistor can be used for Rp. 
}) Conversion of Instrument From Pyrometer (Temperature Measuring) 
to livolt Operation: The reference “cold” junction resistor, attached by 
lo 


crews to the input terminal block and shielded by a metal cover, should 
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be removed. In its place there should be inserted an uncompensated resistor 
spool, resistor part No. 78130-6. A manganin precision resistor of 5.0 ohms 
ean be substituted for this part if desired. This resistor is to be connected 
between the pair of terminals originally connected to the right end of the refer- 
ence junction spool. A wire jumper should be placed between the pair oi 
terminals originally connected to the left end of the spool. 

For multiple point instruments wired with thermocouple wire, it is neces 
sary to bypass the input terminals and selector switch. This is done by remo\ 
ing the two wires leading from the selector switeh from their terminals on 
the rear of the input terminal block, and bringing the input leads to this point 

(4) Narrowing the Span of the Input Voltage: The voltage required to 
produce full-scale deflection of the instrument is determined by a set of five 
measuring circuit resistors. These are marked with their resistance, numbered, 
and mounted in the correspondingly numbered position on a panel. In cireulat 
chart instruments this panel is mounted under a removable cover in the left 
front part of the instrument, and in strip chart recorders under a removable 
cover at the top of the instrument. The total span of the instrument is to be 
reduced to 0.5 millivolt, provided this can be accomplished without. sacrifice 
of stability of operation. Formulas for caleuating the exact value of the meas- 
uring circuit resistors are given on page 24, seetion 1550 of the Brown Service 
Manuel, No. 15019M. Appropriate values for these resistors have been caleu 
lated so as to provide full-scale operation with an input of —0.5 to 0 millivolt. 
By this arrangement, both the circular and strip charts of the Brown instru- 
ments can be read (like a conventional graph) from left to right, high values 
up. This means that the pens of the cireular and strip chart instruments are 
at full right position when the input voltage is zero. The resistors, their fune- 
tions and values for —0.5 to 0 millivolt full-scale operation are shown in Table I. 


TABLE I. 
Resistor Designation Function Resistance in ohms 
R, Resistor No. 1 Determines position of pointer at 2.01300 
lower end of span 
R, Resistor No. 2 Determines width of span 0.13378 
. Resistor No. 3 Determines position of pointer at 254.74 
upper end of span 
R. Resistor No. 4 For standardizing—same in all 509.5 
instruments 
R, Resistor No. 5 Standardizing shunt 3.9 
R, Resistor No. 6 Present only in models with 10 megohms 


‘*Downscale Burnout’’ feature 

Resistor No. 4 need not be changed. Resistor No. 5 is a radio type resisior 
whose value is not critical. Resistor No. 6, if present, should be remoy d. 
The extremely precise resistors used in positions Nos. 1, 2 and 3 ean be mz le 
to order by the Brown Company (delivery one to three months) and ean de 
supplied in new instruments upon request. In older instruments, howey ?, 
there are certain advantages to be gained by utilizing resistors whose va!’ es 
merely approximate those given, adjusting these values as described bel. w. 
Thus, the operation of the recording oximeter does not require that the inst u- 
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ment be calibrated precisely in millivolts. Moreover, since they were not de- 
signed to operate with such narrow spans, some of the older Brown instruments 
may fail to show stable operation when the span is narrowed to only 0.5 milli- 
volt. Since the output of the modified Millikan cireuit may actually exceed 
one millivolt, for the Millikan instrument the span may not need to be nar- 
rowed below that figure. However, for Wood oximeter operation, a span ot 
0.5 millivolt or less is necessary in order to obtain full-scale deflections. 

For these reasons, we suggest that IRC manganin wire resistors be sub- 
stituted for resistors Nos. 1, 2, and 3. If the resistance of each is made some- 
what greater than specified, a precise adjustment can be obtained by means of 
rheostats shunted across each resistor. Onee the necessary adjustments are ¢om- 
pleted, a second manganin resistor of suitable value can be substituted for the 
rheostat. Additional adjustment of the span voltage is provided by the span 
adjustment slidewire located near the resistor panel. 

If the instrument, when properly grounded, proves unstable after making 
these modifications, improvement is often obtained by reversing the 110-volt 
A.C. plug in the wall socket. It may also, in some instances, be worth while 
to purchase an input transformer, specially selected by the Brown Company for 
operation with high input impedances. 

The output of the control box should be connected to the input of the Brown 
instrument by a shielded cable containing two leads. Neither of these leads 
is grounded when the oximeter is set to ‘‘saturation,’’ though the common 
photocell lead is grounded in the control box. This arrangement provides for 
greater stability of operation than if one side of the input were grounded. 


OPERATION OF MILLIKAN RECORDING OXIMETER.*—(1) Construction of 
Orimeter Scale: The seales of the Millikan and single-scale Wood oximeters are 
logarithmic. They may be constructed as follows: Swing an are with its center 
at number 4 on the abscissa of large, single evele logarithmie paper. The radius 
of the are should equal the length of the desired oximeter scale. Allow the are 
to cut the vertical line above No. 9. Draw a line between the center of the 
are and its intersection on the vertical. The major seale divisions are given by 
the intersections of this oblique line upon the verticals above Nos. 4 through 
One hundred per cent is at No. 4, 90 per cent is at the intersection above 5, 
an. so on down to 50 per cent which is above 9. For the Wood single-seale 
ox meter a seale from 100 to 40 per cent may be produced by swinging the are 
een Nos. 4 and 10. It should be emphasized that this theoretical 
ithmie relation between per cent saturation and instrumental readings may 
div rge considerably from an empirical calibration based on Van Slyke analyses. 

in keeping with the modifications described for the Brown instrument, 
10. per eent saturation is to be at the full counterclockwise position of the 


po.\‘er, left and down position of the pen on cireular chart instruments, and at 

Instructions modified from description of single-channel oximeter, C.M.R. Model 13, 
by nn Millikan, issued by the Johnson Foundation, Philadelphia, Pa., 1944, and from the 
= by Earl H. Wood on Oximetry, Medical Physics, Vol. II, edited by Otto Glasser, 


Ml ), Medical Year Book Publishers, 1950. 
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full left position in strip chart instruments. Actually, it is best to leave a slight 
space beyond 100 per cent for the occasional instances when an oximeter reads 
one to three per cent over 100 per cent due to the inherent limitations of its 
accuracy. 

(2) Setting the Millikan “Bias” Potentiometer: Place the “ear thickness’ 
filter Coleman No. 17-20 in the earpiece and turn on the earpiece lamp, adjust 
Ro?) When the **1R.’> potentiom 


ing voltage to 5.8. Set selector switch to **] 
the Brown instrument should move 


eter is turned clockwise, the pointer of thi 
toward 100 per cent. If it moves in the other direction the polarity of the leads 


from the control box should he reversed to obtain correct polarity. 





Fig. 4.—Recording oximeter No. 2. For Millikan (relative reading) or Wood (absolute 
reading) operation. \ Wood-Waters-Conley oximeter earpiece, with Cannon plug connecting 
it to the control box, is shown. \ flange was specially constructed for mounting the male 
portion of the Cannon plug to the chassis. ‘The following precautions have been taken to 
eliminate spark hazards: the halves of the Cannon plug are locked together by means of ti 
threaded ring provided with the plug. Sealed mercury switches are used to operate the ¢ 
piece light source and the chart-drive of the Brown instrument, whose amplifier is permanently 
connected to the 110-volt A.C. line cord The switch for selecting either Millikan or Wood 
operation does not show in the photograph because it is located on the right side of é 
control box, as is the Jones plug for the Millikan-Coleman earpiece. The latter is loc 
to the chassis by a specially constructed clamp. 


The ‘‘bias’’ potentiometer is to be adjusted so that with the selector 
switch on ‘‘].R.’’ the voltage delivered to the instrument from the ‘‘I.R.’’ cell 
is one-fifth of that delivered when the selector switch is on ‘‘SAT.’’ This 1s 
accomplished as follows: (a) Reverse the polarity of the leads from the conto! 
box. (b) Set selector switch on “SAT.” (c¢) Turn the “red” potentiometer | (Il 
counterclockwise (zero output). (d) With the filter in place and lamp on, tn 
the “IR.” potentiometer clockwise until the pointer moves full seale. Leave ie 
setting of the “IR.” potentiometer unchanged. (e) Reverse the polarity of | 1¢ 
leads once more (correct polarity resumed). (f) Set selector switeh to “I 
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moves one-fifth of 


should be permanently locked in this position. 


(3) Use of Milhikan Ovimeter on Subject: 


o) With a serewdriver, adjust 


MILLIKAN 


the 


AND 


“bias” 


WOOD 


the linear length of the seale. 


lamp on, voltage 5.3, set selector switch to “IR.” 


ometer until pointer moves to 100 per cent. 


piece to pinna of ear. 


(a) 


OXIMETERS 


The “bias” 
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potentiometer until the pointer 
potentiometer 


With filter in earpiece, 


(b) Open “IR.” potenti- 


d) Turn on lamp, allow ear to warm for 5 to 10 minutes. (e) 


switch to “SAT.” (f) 


Adjust “red” potentiometer 


97 per cent (subjeet breathing air) or 100 per cent 
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(a) 


until 


MERCURY CELL 


are given in 


POTENTIOMETER 


(¢) Turn off lamp and apply ear- 
Prior to appleation, rub ear in order to render hyperemic. 


Set seleetor 


instrument 


7000-0 


saturation, 
mercury cell hearing 
(upper right). 
Fig. 2, 


reads 


subject breathing oxygen). 


BROWN 
AMPLIFIER 


Wood oximeter circuits as used in control box of record- 
When changing from Millikan to Wood operation, the pointer of the instru- 
corresponding to low 
from a 


near 


aid 


for 


Millikan-Coleman oximeter ear- 


(see unit No. 1) and/or (b) Wood-Waters-Conley oximeter earpiece* pro- 


| with 10 foot shielded eable and cannon No. WK-6 plug. 


(2) Control Boz: 


Tt cireuit (Fig. 5) provides for operation as a Millikan or a Wood single-seale 


ox meter, 


0. he seale corresponding to high saturation. 


*The Waters-Conley Co. 


sired. 
fA special high gain 
me icture, or 
- ale operation. 
or i 
re] 


tochester, 
‘e, manufactured by them, with or 


purchased for addition to older 
Though we have had no experience with it, the resulting highly sensitive 
instrument should be satisfactory for Wood oximeter operation. 
entatives of the company that careful shielding against 60 cycle pickup is necessary. 


kor Wood operation, the mechanical zero must be shifted to the end 


This is done by introducing a 


Minn., have agreed 
without associated control boxes and galvanometers 


“40” amplifier can be added to new 
models. 


to sell the 


This 


Wood 


provides for 


100 


type oximeter 


Brown Instruments during. 
microvolts 


We have been told by 
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potential, which can be varied, from a small mereury cell battery, as indicated 
in the cireuit diagram. Other components are similar to those used in unit No. 
1. (3) Amplifier-recordert: A strip-chart Brown Potentiometer was purchased 
especially for this application, with —0.5 to 0 millivolt span, 5,000 ohms input 
impedance. The necessary modifications, as outlined above, were introduced 
during construction at the factory. 

(CALIBRATION AND OPERATION OF Woop SINGLE-SCALE OXIMETER.—A set ot 
filters for calibration is included with each Wood type oximeter earpiece sold by 
the Waters-Conley Company, together with instructions for calibrating and 
operating the instrument. An abbreviated form of these instructions, modified 
so that the Wood single-scale oximeters may be used with recording equipment, 
is presented here. 

(1) Initial Settings: The basic procedure for making the initial settings 
of the single-scale Wood oximeter for each subject is as follows.°* With thi 
earpiece in place and lamp on, the selector switch is turned to ‘‘T.R.’’ The out 
put of the “‘I.R.’’ photocell is adjusted to a standard ‘“‘I.R. setting’’ voltage. 
which is the same for all subjects. It makes little difference what the saturation 
of the blood happens to be during this procedure, because the output of the 
““T.R.’’ photocell is virtually unaffected by changes in oxygen saturation. 

The selector switch is now set to the ‘‘saturation’’ position and the ear is 
rendered bloodless by inflating the capsule to a pressure of 200 mm. Hg. The 
output of the ‘‘red’’ photocell is adjusted so as to bring the indicator of the 
instrument back to the mechanical zero point. In this situation the two photo 
cells have cancelled one another, resulting in zero ‘‘difference’’ voltage. This 
completes the necessary initial settings. When the pressure in the eapsule is 
released, the instrument provides absolute readings of oxygen saturation on 
previously calibrated seale. 

(2) Construction and Calibration of Scale for Wood Single-Scale Oxrimet 
Although the Wood instrument performs satisfactorily on colored subjects. 
the resulting voltage output is small. For this reason, it has not been found 
possible to obtain full-seale deflections for all subjects on the Brown instruments 


used. Onee the gain of a given Brown instrument has been increased to tli 


limit of its stability, it is necessary to determine the maximum possible leng 


and range of the Wood single oximeter scale, as follows: (a) using ze 
adjusting rheostat in control box (see cireuit diagram, Fig. 5), set ‘‘meehanica! 
zero’’ at a point roughly 80 per cent of the linear distance from the low to tiie 
high end of the scale. (b) Apply earpiece to ear of a subject whose skin is 
estimated to be as heavily pigmented as that of most individuals on whom tie 
instrument may later be used. Turn on lamp. (c¢) Set selector to the “I.! 
position and open ‘‘I.R.’’ potentiometer to approximately 90 per eent of full 
output. (d) With screwdriver, adjust “bias” potentiometer until point 
reaches an “I.R. setting” mark located arbitrarily at a point just short >! 
the low end of the seale. Lock the ‘‘bias’’ potentiometer. 

Procedures (a) through (d) above serve to establish the “I.R. setti 


voltage. Thereafter, the output of the “infrared” cell will be adjusted initi: 

















is 


is 
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to this value on all subjects. This value determines the leneth of the oximeter 
scale. This is beeause, with a large ‘‘I.R. setting’’ voltage, a large fraction 
of the output of the red photocell is required to cancel out the voltage of the 
“infrared” cell during the initial setting procedure. Changes in oxygen satura- 
tion will therefore produce relatively large changes in the voltage contributed to 
the cireuit by the ‘‘red”’ cell, leading to an expanded oximeter seale. If subjects 
with heavily pigmented skins are anticipated, the ‘‘I.R. setting’’ voltage will 
be small, and a shorter oximeter scale must be used, unless a very high gain 
amplifier is available (see Units Nos. 3 and 4 

With the ‘‘I.R. setting’’ voltage established and ‘‘bias’’ adjustment locked. 
the oximeter scale may now be constructed and ealibrated with the help of the 














‘ig. 6.—Recording oximeter No. 3. For Wood-Waters-Conley earpieces or cuvette, 
or double-scale operation. Next the stainless steel control box on the wheeled table 
isterline-Angus recorder with oximeter scales running from 100 to 40 per cent and 
00 to 0 per cent. The Liston-Folb contact modulated amplifier is on the middle 
ind the glass storage battery, with flotation balls to indicate charge, is on the lower 

oe lhe mercury switches for turning on the amplifler and the chart-drive of the recorder 

“te ited to the left of the battery, and control the 110-volt power to a double outlet 

ti Which are clamped the 110-volt plugs from amplifier and recorder. Final precau- 

a fainst spark hazards include permanent shortcircuiting of original power switches 

on plifiler and recorder. 

, ’n the table in front of the control box is a Wood-Waters-Conley infant type earpiece, 
‘ r with its three calibration filters and the rubber bulb and pressure gauge for inflat- 

capsule of the earpiece. 
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special filters provided with the earpiece. The initial settings are repeated 
with the appropriate filters in place, as outlined in the Waters-Conley In- 
struction Manual. With the selector set to “SAT.,” the position of the 
pointer on the original millivolt scale of the Brown instrument is determined 
for each of the three filters. These positions, with corresponding values of 
oxygen saturation as given for each filter in the Waters-Conley manual, are 
transferred to a strip of cardboard. By placing the cardboard obliquely on 
a sheet of logarithmie graph paper, and manipulating it to a certain position, 
the seale divisions between 100 and 50 per cent may be marked on the card 
board (see construction of oximeter seale in description of Unit No. 1 above 

Alternatively, the Wood seale, range 100 to 0 per cent, which is printed in the 
Waters-Conley folder deseribing their “Simplified Absolute Reading Kar Oxim 
eter” may be enlarged by suitable means. It is recommended that two oxim 
eter scales be employed, one ranging from 100 to 50 per cent for lightly pig 
mented subjects, the other ranging from 100 to 0 per cent for heavily pig 
mented subjects. For the latter a separate ‘‘I.R. setting’? mark, located t 
the left of the first “‘I.R. setting’’ will be required. The scale ranging from 
100 to 50 per eent is also to be used when operating the instrument as a Millikan 


oximeter. 


RECORDING OXIMETER NO. 9. { FIG. 6) FOR OPERATION WITH WOOD EARPIECE 
OR CUVETTE, LISTON AMPLIFIER, ESTERLINE-ANGUS RECORDER 

COMPONENT Parts.—(1) Harpieces*: (a) Wood type adult earpiece, witli 
shielded 10 foot cable and Cannon plug, No. WK-6. (b) Wood type infant ea 
piece (optional), with shielded cable and plug. (¢) Wood type euvette for 
Whole blood (optional), with shielded cable and plug. (2) Control box: Sy 
cially constructed of stainless steel, lacquered with Krylon plastie. The circuit 
diagram (Fig. 7 permits use of either of the earpleces or the cuvette as desired, 


tor Wood single or double seale operat ion. 


A six position selector switch, employing 10 wafers, permits doubling 


tom 


switch contacts for greater reliability. One side of the amplifier is interna 


grounded. This internal ground of the amplifier is not connected to the sa 


point as are the cable shields and cases of the amplifier and control box, lor 


this reason, the oximeter cireuit is not grounded within the control box, tho 


one side of the lamp circuit is so grounded. A concentric input plug providiig 
three cireuits is included with each amplifier, together with shielded input ca le 
and low-noise solder. (3) Liston Type Amplifiert: We used a Model 10 Liston- 
Kolb amplifier, contact modulated at 8 eveles per second and with 10,000 o/s 
input impedance. Frequency response of this amplifier is flat to approxima?!) 
one cyele per second. <A frequency response essentially flat to 10 eveles er 
second is obtained in the Model 10A Liston amplifiers contact modulated ai SU 


eyeles per second. There is somewhat more likelihood of having difficulty \ ith 








*Waters-Conley Co., Rochester, Minn 
7Liston-Folb, now Liston-Becker Instruments Co., Inc., P.O. Box 1110, Stamford, 
Model 14 Liston-Becker amplifier replaces model 10 Liston-Folb. 
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60-cyele pickup in the latter units. (4) Esterline-Angus Recorder*: Model 
A.W., 0-5 milliamperes full scale; number of seconds required to swing pen one 
Way 0.5. 

These units were mounted with battery and battery charger on a wheeled 
table as shown in Fig. 6. The 110-volt power switches in amplifier and chart- 
drive of recorder were permanently short-circuited to avoid spark hazards. 
Two enclosed mereury switches, located in a small case on the lower front 
section of the table, were provided for turning amplifier and chart-drive on and 
off. 
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Modified Wood oximeter circuit for Unit No. 3. The oximeter circuit is grounded 
within the Liston-Folb amplifier and net in the control box. 
PERATION OF RECORDING OXIMETER No, 3.—The gain of the amplifier has 
ily been set at 16.5 (maximum 21) leaving extra amplification for expand- 
the scale as desired. Wood single oximeter scales running the length of 
ecorder scale were constructed and attached to the recorder. One scale 
S from 100 to 40 per cent and is used on human subjects only. The other 


from 100 to 0 per cent has been used on experimental animals, and 


hl 


ionally on chronically eyanotie human subjects. Each earpiece and the 


The Esterline-Angus Co., Indianapolis, Ind.; also local representatives. 








472 PERKINS, ADAMS, AND LIVINGSTONE 


euvette for whole blood were calibrated so as to give readings corresponding to 
those on the oximeter scales, according to the prineiples of calibration outlined 
under description of Unit No. 2. For the earpieces, the special calibration filters 
were used. Van Slyke analyses were used in calibrating the cuvette, which was 
connected in an experimental animal to an artery and vein so as to allow blood 
to flow continuously through it. The mechanical zero of the Esterline-Angus 
recorder was set manually to the point on the oximeter scale specified in the 
Waters-Conley instruction manual. The bias setting was determined by trial- 
and-error adjustment until the appropriate scale readings were obtained for 


each calibration filter. Since only one ‘‘bias’’ potentiometer is provided for 








Fig. 8. Recording oximeter No. 4. The Wood-Waters-Conley earpiece, control | 
and galvanometer are on top of the table. <A selector switch was added at the right end 
the control box for switching to recording operation using the Brush recorder (located 
the right of the galvanometer). The Liston-Folb amplifier, to the right of which is 


special D.C. amplifier (see Fig. 9), is located on the shelf, with the battery below. 
wheeled table was obtained from a restaurant supply firm. 


all the Wood type earpieces, individual ‘‘I.R. setting’’ marks for each earpir 
were placed on the oximeter seale. One of these marks ean, for convenience, 





placed at the end of the seale, as ean the ‘‘I.R. setting’’ mark for the euve | 
which has its own ‘‘bias’’ potentiometer. The use of the gain control on : 
amplifier has been found to facilitate the process of calibration. | 

For double-scale operation, the selector switch is set alternately to 
double-seale positions labelled respectively “red” and “I.R.,” and readings ‘ 
made according to the procedure described by Wood and Geraci'® which is a .0 6 
given in the Waters-Conley Manual for the Oximeter. 
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RECORDING OXIMETER NO. +. (FIG. 8) FOR WOOD OPERATION WITH BRUSH RECORDER 


COMPONENT Parts.—(1) Complete Waters-Conley galvanometer-type Wood 
oximeter manufactured in 1950 for single or double scale operation with ear- 
piece or cuvette. Shielding was applied to the cable of the earpiece. (2) Liston 
amplifier, preferably 80 evele type. (3) Supplementary D.C. amplifier (see 


helow). (4) Brush recorder.* (5) Associated equipment. 

OPERATION.— A switch was added to the Waters-Conley control box so that 
the output of the single-seale oximeter circuit could be led to the Liston amplifier. 
A supplementary direet-coupled amplifier was required to increase the output of 
the Liston amplifier sufficiently to drive the Brush reeorder. This amplifier 
(Fig. 9) was specially designed (S.H.B.) and built so as to have its output 
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vc ages operating on either side of ground, rather than well above ground as 


in conventional push-pull amplifiers. This feature was considered desirable 
ise the pen of the Brush recorder was connected to one end of the coil 
Wh drives the pen. By using a Liston amplifier modulated at 80 eyeles per 
da frequency response up to 10 eyeles per second could be obtained, though 
gr ‘er preeaution would have to be taken in shielding control box against stray 
60 cle pick-up. 


Brush Development Co., Cleveland, Ohio. 
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RESULTS 

(a) Accuracy.——We have made no systematie studies correlating oximeter 
readings with Van Slyke analyses in human subjects. We have assumed the 
Wood calibration filters to be sufficiently accurate for our requirements. Read 
ings of the single scale Wood oximeter have ranged from 97.5 to 103 per cent 
with a limited number of normal subjects breathing pure oxygen. The oximete1 
cuvette was calibrated by means of Van Slyke analyses. 

Possible Increases in Accuracy Due to Modifications Introduced into th 
Circuits Used: Though we do not have experimental proof, we believe that 
the modifications we have made on the Millikan and Wood oximeter circuits 
so as to adapt them for use with recording instruments has by chance tended 
to inerease the accuracy of these instruments. Thus, Wood!’ (pages 14 and 15 
states that ‘‘if the single scale cireuit is to operate as designed, it is necessary 
that the output of the photocells be independent of the variations in their ex 
ternal load resistance encountered under operating conditions. Actually this 
has been found not to be the ease.’’ It so happens that variations in the ex 
ternal load resistance of the photocells have been greatly minimized in two of 
our recording oximeters and entirely eliminated in the other two. This is be 
eause each photocell is connected to the end of the resistance wire of the output 
potentiometer rather than to the sliding contact, and because the recording 
instruments have high input impedances (10,000 ohms for Liston amplifier, im 
pedanece infinite for Brown Potentiometer at balanee). This arrangement also 
minimizes a second possible source of error, namely, an influence of the output 
ot the “red” cell upon the output of the infrared cell.*! 

Possible Sources of Error: Units Nos. 1 and 2, using the Brown instruments 
as modified for recording oximetry may show ‘‘dead space,’’ up to 1 to 2 per 
eent of full scale. ‘‘Dead space’’ refers to the fact that the indicator comes 
to rest at a slightly different point when moving from the left than when movy- 
ing from the right. No measurable “dead space” is present in Units Nos. 3 and 4. 

(b) Uses of the Recording Oximeters.—As stated in the introduction, these 
recording oximeters have had extensive use during the past two years. Unit 
No. 1 is used to correlate, during classes in mammalian physiology, chanyes 
in oxygen saturation in students undergoing anoxia or asphyxia with changes 
in respiratory rate and yolume, and for other class experiments on human su)- 
jects or animals. Units Nos. 2 and 3 are used frequently in the University 
of Chicago Clinies during prolonged operative procedures, especially those in- 
volving opening of the chest, upright posture of the patient, and operations on 
patients who are poor surgical risks.’ Fig. 10 is an unretouched reproduc: on 
of a Millikan oximeter record made during a valvulotomy for pulmonie steno-is. 
The rapid rise of the oxygen saturation to a satisfactorily high level gave ‘he 
surgeon an indication that further, possibly hazardous, cutting of the pulm: nic 
valve was not necessary. Table I summarizes the results of the use of the 0 m- 
eters during operative procedures. 

At the present time Unit No. 4 is being used by members of the Depart: ont 
of Pediatrics for measuring cardiac output by means of the Nicholson, Bur 
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and Wood dye method. Unit No. 4 will shortly also be used on studies of 
newborn infants. 

As mentioned previously, we have applied the recording oximeters to 
studies of pulmonary function. We have devised a test, the ‘‘In-Vivo Trans- 
pulmonary Oxygen Dissociation Curve,’’® which involves using recording oxim- 





eters to measure the oxygen saturations corresponding to various oxygen 
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N- Fig. 10.—Unretouched record made by Recording oximeter No. 2 during a valvulotomy 
Of} tion for pulmonic stenosis. The pulmonic valve was cut at the time marked by an 

NM) a . The rapid rise in oxygen saturation to a satisfactorily high level indicated to the 

n s n that further, possibly hazardous, cutting of the valve was unnecessary. 

) 

iS. 

he ter ons of alveolar air, as sampled by Rahn alveolar sampler and analyzed by 

Lie Pa: ing oxygen meter. We believe that this test, which can be carried out on 

m- a} ient in about one hour, may be useful in evaluating the degree of shunting 


of ood through the lung, whether through aberrant blood vessels or through 
nt poo. y aerated alveoli. It may also be helpful in evaluating loss of effective area 
Hl, lor iffusion in the lung. 
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We are at present engaged in studies of pulmonary function in animals. 


lig. 11 shows the effect of injecting a rather large dose of Nembutal into a 





dog whose saturation was being measured by Unit No. 3 conneeted to a Wood 
type cuvette through which blood flowed continuously, from an artery to a vein. 
Prior to the injection, shifts in oxygen saturation of less than 1 per cent were 
seen with each breath, but with the slowing of respiration whieh followed the 
Nembutal, the saturation fluctuated 15 to 20 per cent with each breath. 











Fig. 11.-Shifts in oxygen saturation correlated with respiration in a dog. The Wood 
oximeter cuvette was used, with blood flowing continuously through it from carotid artery 
to jugular vein. At the time marked by an arrow a relatively large dose of Nembutal was 
injected, causing a slowing of respiration from 15 to 18 breaths per minute down to approxi- 
mately 5 breaths. Prior to the injection the shifts in saturation with each breath were of 
the order of one per cent, but rose to 15 to 20 per cent with the slowing in respiration 






SUMMARY 


During the past two years, with the assistance of student technicians, four 





recording oximeters have been assembled. Two are of the Millikan ‘‘relative 






reading’ type, and two are of the Wood ‘‘absolute reading’’ type. These .n- 





struments have been used on over 250 patients during surgery, in studies otf 






pulmonary reserve in patients and animals, and in teaching respiratory ph) si- 









ology. Recording oximeters possess the following advantages over galvanomc ¢r 






type oximeters, namely, ruggedness, ready visibility, continuous autom: t¢ 






recording in ink, and (in certain models) increased speed of response. 
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TABLE I. USE OF RECORDING OXIMETERS DURING VARIOUS TYPES OF SURGICAL OPERATIONS 
UNIVERSITY OF CHICAGO CLINICS, 1950-1952 


Thoracotomics 
Pulmonary Surgery (including exploratory 
thoracotomy, lobectomy, pneumonectomy ) 
Mediastinal surgery (including esophagus, 
tumors, cysts) 
Cardiae surgery (including congenital 
heart defects ) 
Exrtrapleural Operations 
Thoracoplasty, ete. 
Laparotomies 
Cervical operations (including thyroid, 
radical neck dissection ) 
Laminectomies 
Endoscopies 
(Bronchoscopy, esophagoscopy ) 


Total 


This communication presents specific and detailed instructions for con- 
verting Millikan and Wood oximeters into direct-writing recording instruments 
at minimal cost. 


We wish to thank Dr. Earl H. Wood for his he’pful advice and suggestions, 
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LABORATORY METHODS 


A DILUTING FLUID FOR COUNTING ERYTHROCYTES WHICH 
SIMULTANEOUSLY STAINS THE CELLS AND MAKES 
THEM LIE FLAT WITHIN A SINGLE FOCAL PLANE 


OverRDO T. GEORGE* 
TORONTO, ONTARIO 


|‘ 1922, Waugh! deseribed a technique which employed eosin for staining 
erythrocytes to facilitate their enumeration, but his method differed in 
almost all other respects from those commonly employed such as described 
by Kolmer and Boerner.? In this laboratory, the possibility has been explored 
of staining red cells by incorporating eosin in a conventional diluting fluid. 
The method developed not only successfully imparts a brilliant red to the cells 
to be counted, but also exhibits an unexpected phenomenon greatly facilitating 
the speed and accuracy of the counts. In the new fluid, the blood cells lie flat 
and are evenly distributed within a single foeal plane in the counting chamber. 
Use of the eosin-containing fluid has now been tested on peripheral bloods ob- 
tained from a large number of human patients and from experimental animals. 
lt has proved to give consistent results. 


METHODS AND MATERIALS 


The new counting fluid is a modification of a conventional one described by Dacie? 
with eosin added as the coloring agent. Various concentrations of this dye were tried but, 
avoid undesirable effects such as crenation or hemolysis, it was found that 0.6 Gm. per 

ml. was optimal. The composition of the diluting fluid as finally adopted was: 


3 per cent aqueous sodium citrate 100.0 ml. 
Formalin (commercial, 40 per cent ) 1.0 ml. 
Water-soluble, bluish eosin t 0.6 Gm. 


er it had been filtered, the mixture was ready for use and kept indefinitely. Difficulty 
leansing pipettes has not been encountered in this laboratory, although it was reported 
by others. This was overcome by first rinsing the pipettes in ammoniated water. 

A large number of red blood cell counts have been made with the eosin-containing 

ing fluid on samples of peripheral bloods from men and women, as well as from various 

ratory animals including rats, guinea pigs, rabbits, cats, and dogs. Collection of the 
bi ods, dilution, mechanical mixing, and actual counting of the erythrocytes in a Neubauer- 
ty’ » hemacytometer were done by the usual routine procedures. In many cases, comparative 
ts were made in which dilutions of the same bloods were prepared with both the new 
and a conventional one. 


Received for publication, March 14, 1952. 
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7Eosin, color index 348, obtained from Messrs. G. T. Gurr, London, England. 
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TABLE IT. AcTUAL COUNTS FOR NORMAL BLOODS 
(MILLIONS OF CELLS PER CU. MM.) 


HUMAN HUMAN DOG DOG RAT 

Counts with eosin 3.71 4.80 5.83 4.77 6.32 

containing fluid 3.49 4.72 5.78 4.55 6.45 

3.71 4.60 5.44 4.45 6.15 

3.45 4.63 5.59 4.60 6.40 

3.60 a7 5.87 4.58 6.30 

Averages 3.57 4.70 5.70 4.59 6.32 

Counts with regular 3.10 4.65 5.38 4.70 6.13 

fluid 3.52 4.53 5.23 4.36 6.21 

3.02 4.58 5.10 4.64 6.15 

3.50 4.50 5.21 4.50 6.20 

3.55 4.69 5.07 4.45 6.00 

Averages 3.36 4.59 5.19 4.53 6.14 
RESULTS 


The actual results obtained when repeated counts were made on each of 
five normal bloods with both the conventional diluting fluid and the new, eosin 
containing one are compared in Table I. The average of five counts made with 
each diluting fluid for ten pathologic bloods are presented in Table IT. In almost 
every case, the range of counts with the new fluid is similar to the range of those 
obtained with the conventional one; however, the actual values are significantl\ 
(p <0.001) higher with the former. This difference was apparent even with 
samples of blood from patients with hemolytic anemia which exhibited increased 
erythrocyte fragility and spherocytosis. There was no evidence of hemolysis 
when these bloods were diluted with the new fluid, and the spherocytes were stil! 
readily distinguishable. Another significant observation was that, in the eosin 
containing fluid, all the cells lay flat and were more uniformly distributed in 
the counting chamber. None remained on its edge, as frequently occurred with 
the conventional diluent. This is illustrated by Figs. 1 and 2. 


DISCUSSION 


It is surprising that counts with the conventional diluting fluid apparent|) 
failed to demonstrate as many cells as did those with the new eosin-containing 
fluid. It would seem that if red cells are counted in the unstained conditi: 
some of them lack sufficiently high refractive indices to be readily visualiz 


TABLE II. AVERAGE COUNTS FOR ABNORMAL BLOODS 
(MILLIONS OF CELLS PER CU. MM.) 


DILUTING FLUID 


CLINICAL DIAGNOSIS EOSIN-CONTAINING CONVENTIONAL 
Idiopathic hypochromie anemia 3.29 3.11 
Hypochromie microcytic anemia 4.95 4.72 
Hypochromie microcytic anemia 1.64 1.60 
Pernicious anemia 1.56 1.47 
Pernicious anemia 2.63 2.64 
Hemolytic anemia 4.77 4.60 
High hemoglobin 4.48 4.24 
Lymphoma 1.70 1.63 
Lymphatic leukemia 2.29 2.15 
Myelogenous leukemia 1.85 1.82 
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a suggestion which gains support from observations made with the phase-con- 
trast microscope. This might be related to the age of the red cells, but we have 
no evidence to support such an hypothesis. In fact, even with the eosin-con- 





taining fluid some cells are less prominent than others, and it is possible that 
similar ones would be missed entirely if suspended in the usual types of diluting 


fluids. If the error resulting from such a source were always constant and 
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reproducible, it would not seriously interfere with comparative counts, but the 
possibility remains that, under some pathologie condition, the proportions of 
“‘nale’’ cells might vary, thus leading to consequent variations in this source 
of error. There is no guarantee, of course, that even the new fluid renders all 
erythrocytes visible, indeed, phase-contrast microscopic studies suggest quite 
the opposite. It is clear from the tables, however, that the new fluid reduces 
possible errors due to not readily visualized cells. 

It is remarkable that the stained cells lie so uniformly and evenly within 
the counting chamber. We are unable to account for this phenomenon, which 
may also help to explain the higher eounts obtained with the eosin solution 
the thickness of erythrocytes is so small compared with their diameters that 
eells lying on edge may appear much less prominent than when they lie flat. 
It is certainly easier to decide whether a given cell on a line should be included 
Within any particular square of the counting chamber when it is lying flat than 
when it is tipped on edge over the line. Elimination of the necessity for read 
justments of focus inereases the speed with which counts may be made, and 
the observer experiences less fatigue and eyestrain when doing a number of 
counts at a single sitting. With all cells so clearly visualized in the plane of 
their greatest diameters, it is searcely possible to confuse them with debris, 
for most frequently the latter has been mistaken for cells on edge. All the 
advantages of the new counting fluid, when used with human blood, are present 
also when it is used in the enumeration of erythrocytes of common laboratory 
animals. 

The cells appear red against a pink background. Attempts have been made 
to devise a fluid which would provide a greater color contrast between cells and 
background. Polychromatie dyes, such as methylene blue, gentian violet, and 
erystal violet, were tried in the hope that the cells would stain one color and 
the fluid another; but the cells were very poorly visualized. It is possible 
that with further investigation, a dve may be found which will provide greater 


color contrast than does eosin. 


SUMMARY 


A new, eosin-containing diluting fluid for use in enumerating red _ bloo 


cells is described. Its composition is: 


per cent aqueous sodium citrate 100.0 ml. 
Formalin (commercial, 40 per cent 1.0 ml. 
Water-soluble, bluish eosin 0.6 Gm. 


The mixture is ready for use after being filtered, and keeps indefinitely. 
The advantages claimed for this fluid are that (a) the contrast betwee 
cells and background is improved, and (b) the cells le flat within a single foc 
plane in the counting chamber. The relationship of the cells to the rulings ¢: 
thus be decided more readily and confusion with debris is minimized. Clear 
visualization and the elimination of the need for foeal readjustments of t 
microscope while counts are being made considerably increase the speed wi 


which they can be completed and reduce evest rain. 
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The new, eosin-containing diluting fluid has given consistent and reproduci- 
ble results not only with normal and pathologie bloods from human beings, 
but also with blood from a number of common laboratory animals including 
rats, guinea pigs, rabbits, cats, and dogs. 

Higher red blood cell counts are usually obtained with the new fluid. Pos- 
sible reasons for these and their significance have been discussed. 

The author gratefully acknowledges the suggestions and assistance provided by Drs. W. 
Stanley Hartroft and W. G. Bruce Casselman. Mrs. Phyllis Merritt Hartroft assisted with 
the statistical evaluation of the results. The samples of pathologic and some normal human 
bloods were provided by the laboratories of hematology of the Toronto General Hospital and 


the Hospital for Sick Children, Toronto, Canada, 
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A NEUROSURGICAL AND MULTIPLE PURPOSE 
MONKEY CHAIR 
Lr. JAMES E. ZieEGLEK, MepicaAL Corps, UNITED STATES NAVY 
JOHNSVILLE, PA. 
His demand for a reasonably comfortable restraining deviee which would 


stabilize a monkey's head during craniotomy under local anesthesia led to 





the design and construction of the neurosurgical and multiple purpose monkey 
chair, in 1947, at the Montreal] Neurological Institute, Montreal, Canada.’ 





Fig. 1. Fig. 2. 
Fig. 1—Ziegler neurosurgical and multiple purpose monkey_ chail A, Head-holdetr 
shoulder rest; C, modified universal joint; D, chair seat; H, chair base. 
Fig. 2 Monkey with window in position to hold saline while window is inserted—prever! 


ing air bubbles 
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NEUROSURGICAL AND MULTIPLE PURPOSE MONKEY CHAIR 


DESCRIPTION 

A. Chair.—The chair is composed of three components which slide on a tube, thus ad 
justing to any size monkey (Fig. 1). These components include the head holder, shoulder rest, 
and seat. In order to tighten the head in the holder, the seat is slipped down the tube, which 
wedges the monkey’s jaw and the sides of his head in the holder. The shoulder rest is then 
slipped down the tube which further immobilizes the monkey (Fig. 2). The arms are strapped 
to the arm rest with adhesive tape. If the monkey is comfortable, he struggles very little. 

B. Universal Joint.—This allows positioning of the chair in any desired position (Fig. 


C. Base.—The base is filled with lead shot in order to prevent tipping. The entire chair 


may be raised or lowered above the base on a tube which clamps into the base (Fig. 1, F) 


USE 

Present uses of the chair include craniotomy under local anesthesia with stimulation and 
recording from the exposed cortex, implantation of cranial windows, general restraint for 
dressings anesthesia, and as a seat for the monkey in various positions on the large experi 
mental centrifuge. 

DISCUSSION AND SUMMARY 

The chair is adjustable to any size monkey and is both washable and du- 
rable. The head and extremities and large areas of the body are exposed and 
thus accessible for various manipulations (Fig. 2). By means of a locking 
universal joint (Fig. 1, (), the monkey may be positioned head up or head 
down, supine or prone, and on either his right or left side; as well as any com- 
bination of these positions. For sterile operations the entire monkey and chair 


are draped so that positioning may be carried out by the operator without 


breech of the sterile technique. 
REFERENCE 


|. Ziegler, James E.: Methods for Temporary and Reversible Paralysis of Local Areas of the 
Cerebral Cortex (Thesis), Presented to the Faculty of Graduate Studies and Research 
of McGill University in Partial Fulfillment of the Requirements for the Degree of 
Master of Science: 56-57, 1949. 











APPARATUS FOR TUBE-FEEDING RATS 
P. TALALAY, M.D..* anp G. M. V. Taxano. B.A. 
CuicaGco, IL. 


eae gage dietary intake of experimental animals by gastric intubation 
affords a means of: (1) maintaining adequate dietary intake in animals 
who have lost appetite; (2) assuring accurately known dietary intake for each 
individual animal; (3) producing persistently overfed animals; (4) introducing 
unpalatable diets; or (5) administering known doses of drugs. The principal 
objection to this procedure is that it is time consuming and tedious. After a 
little experience, passing a catheter into the stomach can be accomplished 
rapidly and without trauma. The time-consuming element is in handling and 
quantitatively dispensing the rather viscous diet. 

During the course of a quantitative study of the growth of transplantable 
rat tumors, it became necessary to tube feed large numbers of rats, at eight-hour 
intervals for many days. The automatic diet-dispensing machine described 


herein has effected a considerable saving in time 


CONSTRUCTION OF APPARATUS 
The machine constitutes an automatic volumetrie disepnser for highly viscous liquids 
The cardinal features and constructional details are shown schematically and in the photograp 
Fig. 1). An air cylinder (4 1” stroke by 1” bore), fitted with 144” female pipe inlets, 


connected by means of a brass coupling (B) to the plunger of a Sani-Lok Control Sy ringé 





C) graduated to 10 ml. (capacity about 13 ml.). The thumb ring has been removed fror 
the metal plunger. In this type of syringe the short metal piston sliding within a glass barr g 
tends to minimize frictional forces. The syringe outlet is coupled by Luer Lok to a catheter 
adapter from which a short length of nonexpansible plastic tube leads to two one-way valy: 
D)) mounted vertically. 
The lower valve is fitted with a rubber tip which dips into the plastic food container (/ 
The diet is stored frozen in such plastic containers and warmed to body temperature by ru 
ning hot water over the sealed container just prior to use. The upper valve (/) leads, by 
flexible, nonexpansible connection, to a Guyon catheter adapter to which a No. 8 Freneh s 
rubber catheter? is securely attached. 
The excursion of the piston (and hence the volume of liquid measured and ejected 
governed by means of a screw adjustment (1) which limits the extent of the return stro P 
of the cylinder. The extent of the forward or feeding stroke is so adjusted that the syrin ( 
is always completely emptied. 
The air cylinder is activated by compressed air (20 to 30 pounds per square inch) whi 
enters at G. All pipe fittings are 144” and interconnections are made of 1,” (outside diamete 
copper tubing and compression valve fittings. The compressed air is distributed via a ‘*T 
to two Skinner stainless steel, three-way solenoid valves§ (#/,) and (//,). The valves are ( 
connected that without energizing their coils, valve (H,) is normally open and valve (//, 
normally closed to the passage of compressed air, whereas valve exhaust (X,) is closed 
(X,) is open. 
lita 8 e 
From the Ben May Laboratory for Cancer Research, The University of Chicago. 
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*The all-glass double valve assembly is obtainable from Macalaster Bicknell and 
Cambridge, Mass 

tDavol Rubber Company, Providence, R. I. 

§$Manufactured by the Skinner Chuck Company, Norwalk, Conn. 
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are connected in parallel to 110-volt alternating 


The two solenoid valves (H,) and (J 
the solenoid valve H 





eurrent. On closing the foot-switech (M opens to the high pressure 
air and the solenoid I] 


driven in the forward direction to effect feeding. 








opens to exhaust the air in the cylinder, The piston is therefore 


On releasing the foot pedal, the piston travels 






machine normally 





in the reverse direction and the syringe is refilled with fresh diet. The 





e is connected through 








rests in the ‘‘filling’’ position. Each solenoid va an adjustable flow 





These valves* 





control valve (Pneu-trol) to its respective side of the air cylinder. permit 





in the reverse direction. 





control of air flow entering the cylinder and free exhausting of air 






The flow control valves are so adjusted that the feeding stroke is slow and the filling eyele 





rapid. A convenient, safe rate for feeding 10 ml. of diet may be five seconds, whereas the 






filling can be accomplished in about two seconds. 
If expansible tubing is used in the construction of the machine, there will tend to be 






This ean be avoided 






dripping from the tip of the catheter at the end of the feeding stroke. 







by using cord-lined rubber for all flexible connections. 







METHOD OF FEEDING 






The catheter is readily passed into the stomach with the left hand, by a modification 
of the technique described ] Immobilizing the rat, yet affording 
it the maximum degree of comfort possible, is essential in the tube-feeding procedure. The 
with the hind lees extended, is held with the right 





vy Shay and Gruenstein.1 







animal in the natural prone position, but 
hand such that the middle and ring fingers firmly lock 
continue around the chest to meet the thumb which is held against the left side of the head, 
Forward movement of the rat is thus restricted 


around the upper right foreleg and 







and in this manner a loose ring is formed. 





forefinger and thumb form a vise 


to immobilize the lateral movements of the head and jaw. The right 
The palm of the hand immobilizes 





without the danger of compressing the chest. The right 
forefinger holds the 






jaw open and simultaneously extends the head and neck. 






the hind part by pressing the extended animal against the table. 
Diets containing soluble albumin or casein as protein source may be successfully fed 






For maintenance of good nutrition in rats, we have routinely used a 


with this apparatus. 
diet consisting of (per cent by weight): 23.4 Dextrin, 1.9 corn oil, 2.5 Ruffex, 11.1 soluble 
Osborn- Mende! 


2.0 Hawkins-Oser modification of 
drop oleum percomorphum and 5 mg. 






albumin (85 per cent protein nitrogen 
salt mixture, 0.5 vitamin B mixture, 58.6 water, plus 0.3 
About 24 ml. of this diet is required daily by a 


We prefer to feed 8 ml. three times each da; 







synthetic vitamin K per 100 Gm. of diet. 
200 to 250 Gm. rat for normal weight gain. 
Hypophysectomized, adrenalectomized, and intact rats may be main 






at eight-hour intervals. 
tained in excellent condition by such a regime. 
Intact animals tolerate 12 ml. of diet twice daily, but for hypophysectomized rats three 







daily feedings of 8 ml. each are essential. 

The animals are conditioned to take the full diet by feeding successively increasing 
For example, hypophysectomized animals are fed 2 ml. three times daily on tlie 
1 ml. daily until the full measure of 24 






amounts. 
first day and the size of the feedings is increased by 






ml. is attained in seven days. 
Onee the animals are conditioned, one person 





san feed one hundred 250 Gm. rats 8 





to 12 ml. of diet in thirty minutes. 










SUMMARY 





The construction of a machine for tube-feeding rats with a highly viscous 
diet has been described. This apparatus permits quantitative dispensing of dict 







with ease and rapidity to large numbers of animals. 


Dwight J. Ingle 
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*Obtainable from Pneu-trol Devices, Inc., Chicago, III. 








